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GENES FROM 20ql3 AMPLICON AND THEIR USES 
CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is a continuation-in-part of USSN 08/785,532, filed on 
January 17, 1997, USSN 08/731,499 filed on October 16, 1996 and USSN 08/680,395 
filed on July 15, 1996, which is related to copending U.S. Patent Application, USSN 
08/546,130, filed October 20, 1995, each of which is incorporated herein by reference for 
all purposes. 

BACKGROUND OF THE INVENTION 
This invention pertains to the field of cytogenetics. More particularly this 
invention pertains to the identification of genes in a region of amplification at about 20ql3 
in various cancers. The genes disclosed here can be used as probes specific for the 20ql3 
amplicon as well as for treatment of various cancers. 

Chromosome abnormalities are often associated with genetic disorders, 
degenerative diseases, and cancer. In particular, the deletion or multiplication of copies of 
whole chromosomes or chromosomal segments, and higher level amplifications of specific 
regions of the genome are common occurrences in cancer. See, for example Smith, et al. , 
Breast Cancer Res. Treat., 18: Suppl. 1: 5-14 (1991, van de Vijer & Nusse, Biochim. 
Biophys. Acta. 1072: 33-50 (1991), Sato, etal. Cancer. Res., 50: 7184-7189 (1990). In 
fact, the amplification and deletion of DNA sequences containing proto-oncogenes and 
tumor-suppressor genes, respectively, are frequently characteristic of tumorigenesis. 
Dutrillaux, et al., Cancer Genet. Cytogenet., 49: 203-217 (1990). Clearly, the 
identification of amplified and deleted regions and the cloning of the genes involved is 
crucial both to the study of tumorigenesis and to the development of cancer diagnostics. 

The detection of amplified or deleted chromosomal regions has traditionally 
been done by cytogenetics. Because of the complex packing of DNA into the 
chromosomes, resolution of cytogenetic techniques has been limited to regions larger than 
about 10 Mb; approximately the width of a band in Giemsa-stained chromosomes. In 
complex karyotypes with multiple translocations and other genetic changes, traditional 
cytogenetic analysis is of little utility because karyotype information is lacking or cannot 
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be interpreted. Teyssier, J.R., Cancer Genet. Cytogenet., 37: 103 (1989). Furthermore, 
conventional cytogenetic banding analysis is time consuming, labor intensive, and 
frequently difficult or impossible. 

More recently, cloned probes have been used to assess the amount of a 
given DNA sequence in a chromosome by Southern blotting. This method is effective 
even if the genome is heavily rearranged so as to eliminate useful karyotype information. 
However, Southern blotting only gives a rough estimate of the copy number of a DNA 
sequence, and does not give any information about the localization of that sequence within 
the chromosome. 

Comparative genomic hybridization (CGH) is a more recent approach to 
identify the presence and localization of amplified/deleted sequences. See Kallioniemi, et 
aL, Science, 258: 818 (1992). CGH, like Southern blotting, reveals amplifications and 
deletions irrespective of genome rearrangement. Additionally, CGH provides a more 
quantitative estimate of copy number than Souther blotting, and moreover also provides 
information of the localization of the amplified or deleted sequence in the normal 
chromosome. 

Using CGH, the chromosomal 20ql3 region has been identified as a region 
that is frequently amplified in cancers (see, e.g. Kallioniemi et al., Genomics, 20: 125-128 
(1994)). Initial analysis of this region in breast cancer cell lines identified a region 
approximately 2 Mb on chromosome 20 that is consistently amplified. 

SUMMARY OF THE INVENTION 

The present invention relates to the identification of a narrow region (about 
600 kb) within a 2 Mb amplicon located at about chromosome 20ql3 (more precisely at 
20ql3.2) that is consistently amplified in primary tumors. In addition, this invention 
provides cDNA sequences from a number of genes which map to this region. These 
sequences are useful as probes or as probe targets for monitoring the relative copy number 
of corresponding sequences from a biological sample such as a tumor cell. Also provided 
is a contig (a series of clones that contiguously spans this amplicon) which can be used to 
prepare probes specific for the amplicon. The probes can be used to detect chromosomal 
abnormalities at 20ql3. 

Thus, in one embodiment, this invention provides a method of detecting a 
chromosome abnormality (e.g. , an amplification or a deletion) at about position FLpter 
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0,825 on human chromosome 20 (20ql3.2). The method involves contacting a 
chromosome sample from a patient with a composition consisting essentially of one or 
more labeled nucleic acid probes each of which binds selectively to a target polynucleotide 
sequence at about position FLpter 0-825 on human chromosome 20 under conditions in 

5 which the probe forms a stable hybridization complex with the target sequence; and 

detecting the hybridization complex. The step of detecting the hybridization complex can 
involve determining the copy number of the target sequence. The probe preferably 
comprises a nucleic acid that specifically hybridizes under stringent conditions to a nucleic 
acid selected from the nucleic acids disclosed here. Even more preferably, the probe 

10 comprises a subsequence selected from sequences set forth in SEQ. ID. Nos. 1-10 and 12. 
The probe is preferably labeled, and is more preferably labeled with digoxigenin or biotin. 
In one embodiment, the hybridization complex is detected in interphase nuclei in the 
sample. Detection is preferably carried out by detecting a fluorescent label (e.g. , FITC, 
fluorescein, or Texas Red). The method can further involve contacting the sample with a 

15 reference probe which binds selectively to a chromosome 20 centromere. 

This invention also provides for two new genes, ZABC1 and Ibl, in the 
20ql3.2 region that are both amplified and overexpressed in a variety of cancers. ZABC1 
is a putative zinc finger protein. Zinc finger proteins are found in a variety of 
transcription factors, and amplification or overexpression of transcription factors typically 

20 results in cellular mis-regulation. ZABC1 and lbl thus appear to play an important role in 
the etiology of a number of cancers. 

This invention provides for a new human cyclophilin nucleic acid (SEQ ID 
NO 13). Cyclophilin nucleic acids have been implicated in a variety of cellular processes, 
including signal transduction. 

25 This invention also provides for proteins encoded by nucleic acid sequences 

in the 20ql3 amplicon (SEQ. ID. Nos: 1-10 and 12-13) and subsequences, more 
preferably subsequences of at least 10 amino acids, preferably of at least 20 amino acids 
and most preferably of at least 30 amino acids in length. Particularly preferred 
subsequences are epitopes specific to the 20ql3 proteins, more preferably epitopes specific 

30 to the ZABC1 and lbl proteins. Such proteins include, but are not limited to isolated 

polypeptides comprising at least 20 amino acids from a polypeptide encoded by the nucleic 
acids of SEQ. ID No. 1-10 and 12-13 or from the polypeptide of SEQ. ID. No. 11 



WO 98/02539 PCT/US97/12343 

4 

wherein the polypeptide, when presented as an immunogen, elicits the production of an 
antibody which specifically binds to a polypeptide selected from the group consisting of a 
polypeptide encoded by the nucleic acids of SEQ. ID No. 1-10 and 12-13 or from the 
polypeptide of SEQ. ID. No. 1 1, where the polypeptide does not bind to antisera raised 

5 against a polypeptide selected from the group consisting of a polypeptide encoded by the 
nucleic acids of SEQ. ID No. 1-10 and 12-13 or from the polypeptide of SEQ. ID. No. 1 1 
which has been fully immunosorbed with a polypeptide selected from the group consisting 
of a polypeptide encoded by the nucleic acids of SEQ. ID No. 1-10 and 12-13 or from the 
polypeptide of SEQ. ID. No. 1 1. In preferred embodiments, the polypeptides of the 

10 invention hybridize to antisera raised against a polypeptide encoded by those encoded by 
SEQ ID NOs. 1-13, where the antisera has been immunosorbed with the most structurally 
related previously known polypeptide. For example, a polypeptide of the invention binds 
to antisera raised against a polypeptide encoded by SEQ ID NO. 13, wherein the antisera 
has been immunosorbed with a rat or mouse cyclophilin polypeptide (Rat cyclophilin 

15 nucleic acids are known; see. GenBank™ under accession No. M19533; Mouse 

cyclophilin nucleic acids are known; see, GenBank™ under accession No. 50620. cDNAs 
from the mouse and rat cyclophilin cDNAs are about 85% identical to SEQ ID NO. 13). 

In another embodiment, the method can involve detecting a polypeptide 
(protein) encoded by a nucleic acid (ORF) in the 20ql3 amplicon. The method may 

20 include any of a number of well known protein detection methods including, but not 
limited to, the protein assays disclosed herein. 

This invention also provides cDNA sequences from genes in the amplicon 
(SEQ. ID. Nos. 1-10 and 12-13). The nucleic acid sequences can be used in therapeutic 
applications according to known methods for modulating the expression of the endogenous 

25 gene or the activity of the gene product. Examples of therapeutic approaches include 
antisense inhibition of gene expression, gene therapy, monoclonal antibodies that 
specifically bind the gene products, and the like. The genes can also be used for 
recombinant expression of the gene products in vitro. 

This invention also provides for proteins (e.g., SEQ. ID. No. 11) encoded 

30 by the cDNA sequences from genes in the amplicon (e.g., SEQ. ID. Nos. 1-10 and 12- 
13). Where the amplified nucleic acids include cDNA which are expressed, detection 
and/or quantification of the protein expression product can be used to identify the presence 
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or absence or quantify the amplification level of the amplicon or of abnormal protein 
products produced by the amplicon. 

The probes disclosed here can be used in kits for the detection of a 
chromosomal abnormality at about position FLpter 0.825 on human chromosome 20. The 
5 kits include a compartment which contains a labeled nucleic acid probe which binds 
selectively to a target polynucleotide sequence at about FLpter 0.825 on human 
chromosome 20. The probe preferably includes at least one nucleic acid that specifically 
hybridizes under stringent conditions to a nucleic acid selected from the nucleic acids 
disclosed here. Even more preferably, the probes comprise one or more nucleic acids 
10 selected from the nucleic acids disclosed here. In a preferred embodiment, the probes are 
labeled with digoxigenin or biotin. The kit may further include a reference probe specific 
to a sequence in the centromere of chromosome 20. 
Pfifinitmres 

A "nucleic acid sample" as used herein refers to a sample comprising DNA 

15 in a form suitable for hybridization to a probes of the invention. The nucleic acid may be 
total genomic DNA, total mRNA, genomic DNA or mRNA from particular chromosomes, 
or selected sequences {e.g. particular promoters, genes, amplification or restriction 
fragments, cDNA, etc.) within particular amplicons disclosed here. The nucleic acid 
sample may be extracted from particular cells or tissues. The tissue sample from which 

20 the nucleic acid sample is prepared is typically taken from a patient suspected of having 
the disease associated with the amplification being detected. In some cases, the nucleic 
acids may be amplified using standard techniques such as PCR, prior to the hybridization. 
The sample may be isolated nucleic acids immobilized on a solid surface (e.g., 
nitrocellulose) for use in Southern or dot blot hybridizations and the like. The sample 

25 may also be prepared such that individual nucleic acids remain substantially intact and 
comprises interphase nuclei prepared according to standard techniques. A "nucleic acid 
sample" as used herein may also refer to a substantially intact condensed chromosome (e.g. 
a metaphase chromosome). Such a condensed chromosome is suitable for use as a 
hybridization target in in situ hybridization techniques (e.g. FISH). The particular usage 

30 of the term "nucleic acid sample" (whether as extracted nucleic acid or intact metaphase 
chromosome) will be readily apparent to one of skill in the art from the context in which 
the term is used. For instance, the nucleic acid sample can be a tissue or cell sample 
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prepared for standard in situ hybridization methods described below. The sample is 
prepared such that individual chromosomes remain substantially intact and typically 
comprises metaphase spreads or interphase nuclei prepared according to standard 
techniques. 

5 A "chromosome sample** as used herein refers to a tissue or cell sample 

prepared for standard in situ hybridization methods described below. The sample is 
prepared such that individual chromosomes remain substantially intact and typically 
comprises metaphase spreads or interphase nuclei prepared according to standard 
techniques. 

10 "Nucleic acid" refers to a deoxyribonucleotide or ribonucleotide polymer in 

either single- or double-stranded form, and unless otherwise limited, would encompass 
known analogs of natural nucleotides that can function in a similar manner as naturally 
occurring nucleotides. 

An "isolated 1 * polynucleotide is a polynucleotide which is substantially 

15 separated from other contaminants that naturally accompany it, e.g., protein, lipids, and 
other polynucleotide sequences. The term embraces polynucleotide sequences which have 
been removed or purified from their naturally-occurring environment or clone library, and 
include recombinant or cloned DNA isolates and chemically synthesized analogues or 
analogues biologically synthesized by heterologous systems. 

20 H Subsequence" refers to a sequence of nucleic acids that comprise a part of 

a longer sequence of nucleic acids. 

A "probe" or a "nucleic acid probe' 1 , as used herein, is defined to be a 
collection of one or more nucleic acid fragments whose hybridization to a target can be 
detected. The probe may be unlabeled or labeled as described below so that its binding to 

25 the target can be detected. The probe is produced from a source of nucleic acids from one 
or more particular (preselected) portions of the genome, for example one or more clones, 
an isolated whole chromosome or chromosome fragment, or a collection of polymerase 
chain reaction (PCR) amplification products. The probes of the present invention are 
produced from nucleic acids found in the 20ql3 amplicon as described herein. The probe 

30 may be processed in some manner, for example, by blocking or removal of repetitive 
nucleic acids or enrichment with unique nucleic acids. Thus the word "probe" may be 
used herein to refer not only to the detectable nucleic acids, but to the detectable nucleic 
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acids in the form in which they arc applied to the target, for example, with the blocking 
nucleic acids, etc. The blocking nucleic acid may also be referred to separately. What 
"probe" refers to specifically is clear from the context in which the word is used. 

The probe may also be isolated nucleic acids immobilized on a solid surface 
5 (e.g. , nitrocellulose). In some embodiments, the probe may be a member of an array of 
nucleic acids as described, for instance, in WO 96/17958. Techniques capable of 
producing high density arrays can also be used for this purpose (see, e.g. , Fodor et al 
Science 767-773 (1991) and U.S. Patent No. 5,143,854). 

"Hybridizing" refers the binding of two single stranded nucleic acids via 

10 complementary base pairing. 

"Bind(s) substantially" or "binds specifically" or "binds selectively" or 
"hybridizes specifically" refer to complementary hybridization between an oligonucleotide 
and a target sequence and embraces minor mismatches that can be accommodated by 
reducing the stringency of the hybridization media to achieve the desired detection of the 

15 target polynucleotide sequence. These terms also refer to the binding, duplexing, or 
hybridizing of a molecule only to a particular nucleotide sequence under stringent 
conditions when that sequence is present in a complex mixture (e.g. , total cellular) DNA 
or RNA. The term "stringent conditions* 1 refers to conditions under which a probe will 
hybridize to its target subsequence, but to no other sequences. Stringent conditions are 

20 sequence-dependent and will be different in different circumstances. "Stringent 

hybridization" and "Stringent hybridization wash conditions" in the context of nucleic acid 
hybridization experiments such as CGH, FISH, Southern and northern hybridizations are 
sequence dependent, and are different under different environmental parameters. An 
extensive guide to the hybridization of nucleic acids is found in Tijssen (1993) Laboratory 

25 Techniques in Biochemistry and Molecular Biology-Hybridization with Nucleic Acid 

Probes part I chapter 2 "overview of principles of hybridization and the strategy of nucleic 
acid probe assays", Elsevier, New York. Generally, highly stringent hybridization and 
wash conditions are selected to be about 5° C lower than the thermal melting point (TJ 
for the specific sequence at a defined ionic strength and ph. The T m is the temperature 

30 (under defined ionic strength and pH) at which 50% of the target sequence hybridizes to a 
perfectly matched probe. Very stringent conditions are selected to be equal to the T m for a 
particular probe. 
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An example of stringent hybridization conditions for hybridization of 
complementary nucleic acids which have more than 100 complementary residues on a filter 
in a Southern or northern blot is 50% formalin with 1 mg of heparin at 42°C, with the 
hybridization being carried out overnight. An example of stringent wash conditions is a 
5 .2x SSC wash at 65°C for 15 minutes (see, Sambrook, supra for a description of SSC 

buffer). Often, the high stringency wash is preceded by a low stringency wash to remove 
background probe signal. An example medium stringency wash for a duplex of* e.g. , 
about 100 nucleotides or more, is lx SSC at 45°C for 15 minutes. An example low 
stringency wash for a duplex of, e.g., more than 100 nucleotides, is 4x SSC at 40°C for 
10 15 minutes. In general, a signal to noise ratio of 2x (or higher) than that observed for an 
unrelated probe in the particular hybridization assay indicates detection of a specific 
hybridization. 

One of skill will recognize that the precise sequence of the particular probes 
described herein can be modified to a certain degree to produce probes that are 

15 "substantially identical" to the disclosed probes, but retain the ability to bind substantially 
to the target sequences. Such modifications are specifically covered by reference to the 
individual probes herein. The term "substantial identity" of polynucleotide sequences 
means that a polynucleotide comprises a sequence that has at least 90% sequence identity, 
more preferably at least 95%, compared to a reference sequence using the methods 

20 described below using standard parameters. 

Two nucleic acid sequences are said to be "identical" if the sequence of 
nucleotides in the two sequences is the same when aligned for maximum correspondence 
as described below* The term "complementary to" is used herein to mean that the 
complementary sequence is identical to all or a portion of a reference polynucleotide 

25 sequence. Nucleic acids which do not hybridize to complementary versions of each other 
under stringent conditions are still substantially identical if the polypeptides which they 
encode are substantially identical. This occurs, e.g. , when a copy of a nucleic acid is 
created using the maximum codon degeneracy permitted by the genetic code. 

Sequence comparisons between two (or more) polynucleotides are typically 

30 performed by comparing sequences of the two sequences over a "comparison window" to 
identify and compare local regions of sequence similarity. A "comparison window", as 
used herein, refers to a segment of at least about 20 contiguous positions, usually about 50 
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to about 200, more usually about 100 to about 150 in which a sequence may be compared 
to a reference sequence of the same number of contiguous positions after the two 
sequences are optimally aligned. 

Optimal alignment of sequences for comparison may be conducted by the 
5 local homology algorithm of Smith and Waterman Adv. Appl. Math. 2: 482 (1981), by the 
homology alignment algorithm of Needleman and Wunsch J. Mol Biol 48:443 (1970), by 
the search for similarity method of Pearson and Lipman Proc. Natl Acad. Sci. (U.S.A.) 
85: 2444 (1988), by computerized implementations of these algorithms. 

"Percentage of sequence identity" is determined by comparing two 

10 optimally aligned sequences over a comparison window, wherein the portion of the 

polynucleotide sequence in the comparison window may comprise additions or deletions 
(i.e., gaps) as compared to the reference sequence (which does not comprise additions or 
deletions) for optimal alignment of the two sequences. The percentage is calculated by 
determining the number of positions at which the identical nucleic acid base or amino acid 

15 residue occurs in both sequences to yield the number of matched positions, dividing the 
number of matched positions by the total number of positions in the window of 
comparison and multiplying the result by 100 to yield the percentage of sequence identity. 
Another indication that nucleotide sequences are substantially identical is if two molecules 
hybridize to the same nucleic acid sequence under stringent conditions. 

20 "Conservatively modified variations'' of a particular nucleic acid sequence refers to those 
nucleic acids which encode identical or essentially identical amino acid sequences, or 
where the nucleic acid does not encode an amino acid sequence, to essentially identical 
sequences. Because of the degeneracy of the genetic code, a large number of functionally 
identical nucleic acids encode any given polypeptide. For instance, the codons CGU, 

25 CGC, CGA, CGG, AG A, and AGG all encode the amino acid arginine. Thus, at every 
position where an arginine is specified by a cod on, the codon can be altered to any of the 
corresponding codons described without altering the encoded polypeptide. Such nucleic 
acid variations are "silent variations," which are one species of "conservatively modified 
variations." Every nucleic acid sequence herein which encodes a polypeptide also 

30 describes every possible silent variation. One of skill will recognize that each codon in a 
nucleic acid (except AUG, which is ordinarily the only codon for methionine) can be 
modified to yield a functionally identical molecule by standard techniques. Accordingly, 
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each "silent variation" of a nucleic acid which encodes a polypeptide is implicit in each 
described sequence. Furthermore, one of skill will recognize that individual substitutions, 
deletions or additions which alter, add or delete a single amino acid or a small percentage 
of amino acids (typically less than 5%, more typically less than 1%) in an encoded 
sequence are "conservatively modified variations" where the alterations result in the 
substitution of an amino acid with a chemically similar amino acid. Conservative 
substitution tables providing functionally similar amino acids are well known in the art. 
The following six groups each contain amino acids that are conservative substitutions for 
one another: 

1) Alanine (A), Serine (S), Threonine (T); 

2) Aspartic acid (D), Glutamic acid (E); 

3) Asparagine (N), Glutamine (Q); 

4) Arginine (R), Lysine (K); 

5) Isoleucine (I). Leucine (L), Methionine (M), Valine (V); and 

6) Phenylalanine (F) t Tyrosine (Y), Tryptophan (W). 

The term "20ql3 amplicon protein" is used herein to refer to proteins 
encoded by ORFs in the 20ql3 amplicon disclosed herein. Assays that detect 20ql3 
amplicon proteins are intended to detect the level of endogenous (native) 20ql3 amplicon 
proteins present in subject biological sample. However, exogenous 20ql3 amplicon 
proteins (from a source extrinsic to the biological sample) may be added to various assays 
to provide a label or to compete with the native 20ql3 amplicon protein in binding to an 
anti-20ql3 amplicon protein antibody.. One of skill will appreciate that a 20ql3 amplicon 
protein mimetic may be used in place of exogenous 20ql3 protein in this context. A 
"20ql3 protein", as used herein, refers to a molecule that bears one or more 20ql3 
amplicon protein epitopes such that it is specifically bound by an antibody that specifically 
binds a native 20ql3 amplicon protein. 

As used herein, an "antibody" refers to a protein consisting of one or more 
polypeptides substantially encoded by immunoglobulin genes or fragments of 
immunoglobulin genes. The recognized immunoglobulin genes include the kappa, lambda, 
alpha, gamma, delta, epsilon and mu constant region genes, as well as the myriad 
immunoglobulin variable region genes. Light chains are classified as either kappa or 
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lambda. Heavy chains are classified as gamma, mu, alpha, delta, or epsilon, which in 
turn define the immunoglobulin classes, IgG, IgM, IgA, IgD and IgE, respectively. 

The basic immunoglobulin (antibody) structural unit is known to comprise a 
tetramer. Each tetramer is composed of two identical pairs of polypeptide chains, each 
5 pair having one "light" (about 25 kD) and one "heavy" chain (about 50-70 kD). The 
N-terminus of each chain defines a variable region of about 100 to 1 10 or more amino 
acids primarily responsible for antigen recognition. The terms variable light chain (VJ 
and variable heavy chain (V„) refer to these light and heavy chains respectively. 

Antibodies may exist as intact immunoglobulins or as a number of well 

10 characterized fragments produced by digestion with various peptidases. Thus, for 

example, pepsin digests an antibody below the disulfide linkages in the hinge region to 
produce F(ab)' 2 , a dimer of Fab which itself is a light chain joined to V H -C H 1 by a disulfide 
bond. The F(ab)' 2 may be reduced under mild conditions to break the disulfide linkage in 
the hinge region thereby converting the F(ab)' 2 dimer into an Fab* monomer. The Fab' 

15 monomer is essentially an Fab with part of the hinge region (see, Fundamental 

Immunology, W.E. Paul, ed., Raven Press, N.Y. (1993) for a more detailed description of 
other antibody fragments). While various antibody fragments are defined in terms of the 
digestion of an intact antibody, one of skill will appreciate that such Fab 1 fragments may 
be synthesized de novo either chemically or by utilizing recombinant DNA methodology. 

20 Thus, the term antibody, as used herein also includes antibody fragments either produced 
by the modification of whole antibodies or synthesized de novo using recombinant DNA 
methodologies. 

The phrase "specifically binds to a protein" or "specifically immunoreactive 
with", when referring to an antibody refers to a binding reaction which is determinative of 

25 the presence of the protein in the presence of a heterogeneous population of proteins and 
other biologies. Thus, under designated immunoassay conditions, the specified antibodies 
bind to a particular protein and do not bind in a significant amount to other proteins 
present in the sample. Specific binding to a protein under such conditions may require an 
antibody that is selected for its specificity for a particular protein. For example, 

30 antibodies can be raised to the a 20ql3 amplicon protein that bind the 20ql3 amplicon 
protein and not to any other proteins present in a biological sample. A variety of 
immunoassay formats may be used to select antibodies specifically immunoreactive with a 
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particular protein. For example, solid-phase ELISA immunoassays are routinely used to 
select monoclonal antibodies specifically immunoreactive with a protein. See Harlow and 
Lane (1988) Antibodies, A Laboratory Manual, Cold Spring Harbor Publications, New 
York, for a description of immunoassay formats and conditions that can be used to 

5 determine specific immunoreactivity. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1(A) shows disease-free survival of 129 breast cancer patients 
according to the level of 20ql3 amplification. Patients with tumors having high level 
20ql3 amplification have a shorter disease-free survival (p=0.04 by Mantel-Cox test) 

10 compared to those having no or low level amplification. 

Figure 1(B) Shows the same disease-free survival difference of Figure 1(A) 
in the sub-group of 79 axillary node-negative patients (p=0.0022 by Mantel-Cox test). 

Figure 2 shows a comparison of 20ql3 amplification detected by FISH in a 
primary breast carcinoma and its metastasis from a 29-year patient. A low level 

15 amplification of 20ql3 (20ql3 compared to 20p reference probe) was found in the primary 
tumor. The metastasis, which appeared 8 months after mastectomy, shows a high level 
amplification of the chromosome 20ql3 region. The overall copy number of chromosome 
20 (20p reference probe) remained unchanged. Each data point represents gene copy 
numbers in individual tumor cells analyzed. 

20 Figure 3 shows a graphical representation of the molecular cytogenetic 

mapping and subsequent cloning of the 20ql3.2 amplicon. Genetic distance is indicated in 
centiMorgans (cM). The thick black bar represents the region of highest level 
amplification in the breast cancer cell line BT474 and covers a region of about 1.5 Mb. 
PI and BAC clones are represented as short horizontal lines and YAC clones as heavier 

25 horizontal lines. Not all YAC and PI clones are shown. YACs 957D, 782c9, 931hl2, 

and 902 are truncated. Sequence tagged sites (STSs) appear as thin vertical lines and open 
circles indicate that a given YAC has been tested for and is positive for a given STS. Not 
all STSs have been tested on all YACs. The interval from which more than 100 exons 
have been trapped is represented as a filled box. The 600 kb interval spanning the region 

30 of highest amplification level in primary tumors is represented by the filled black box 

(labeled Sequence). The lower part of the figure shows the levels of amplification in two 
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primary tumors that further narrow the region of highest amplification to within about 600 
kb. 

Figure 4 provides a higher resolution map of the amplicon core as defined 

in primary tumors. 

Figure 5 shows the map location of 15 genes in the amplicon. 

Figure 6 shows a sequence alignment between Rat cyclophillin and SEQ ID 

13. 

Figure 7 is a physical map of the 20ql3 amplicon. Row A of the figure 
shows the position of STSs used to assemble the map. Row B shows the position of 
YACs. Row C shows the position of PI and BAC clones. Row D shows the position of 
trapped exons, direct selected cDNAs, ESTs, and genes. Row E shows results of 
hybridization analysis of various primary tumors and cell lines using PI or BAC clones as 
noted there. A solid black circle indicates high amplification, a shaded circle indicates 
intermediate amplification and an open circle indicates no amplification as detected by 
each of the clones. 

DETAILED DESCRIPTION 

This invention provides a number of cDNA sequences which can be used as 
probes for the detection of chromosomal abnormalities at 20ql3. Studies using 
comparative genomic hybridization (CGH) have shown that a region at chromosome 20ql3 
is increased in copy number frequently in cancers of the breast (-30%), ovary (~ 15%), 
bladder (-30%), head and neck (-75%) and colon (-80%). This suggests the presence of 
one or more genes that contribute to the progression of several solid tumors are located at 
20ql3. 

Gene amplification is one mechanism by which dominantly acting 
oncogenes are overexpressed, allowing tumors to acquire novel growth characteristics 
and/or resistance to chemotherapeutic agents. Loci implicated in human breast cancer 
progression and amplified in 10-25% of primary breast carcinomas include the erbB-2 
locus (Lupu et al., Breast Cancer Res. Treaty 27: 83 (1993), Slamon et al Science, 235: 
177-182 (1987), Heiskanen et al Biotechniques , 17: 928 (1994)) at 17ql2, cyclin-D 
(Mahadevan et al., Science, 255: 1253-1255 (1993), Gillett et al.. Cane. Res. y 54: 1812 
(1994)) at llql3 and MYC (Gaffey et al., Mod. Pathol, 6: 654 (1993)) at 8q34. 
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Pangenomic surveys using comparative genomic hybridization (CGH) 
recently identified about 20 novel regions of increased copy number in breast cancer 
(Kallioniemi et al. , Genomics, 20: 125-128 (1994)). One of these loci, band 20ql3, was 
amplified in 18% of primary tumors and 40% of cell lines (Kallioniemi et al., Genomics, 
5 20: 125-128 (1994)). More recently, this same region was found amplified in 15% of 

ovarian, 80% of bladder and 80% of colorectal tumors. The resolution of CGH is limited 
to 5-10 Mb. Thus, FISH was performed using locus specific probes to confirm the CGH 
data and precisely map the region of amplification. 

The 20ql3 region has been analyzed in breast cancer at the molecular level 
10 and a region, approximately 600 kb wide, that is consistently amplified was identified, as 
described herein. Moreover, as shown herein, the importance of this amplification in 
breast cancer is indicated by the strong association between amplification and decreased 
patient survival and increased tumor proliferation (specifically, increased fraction of cells 
in S-phase). 

15 In particular, as explained in detail in Example 1, high-level 20ql3 

amplification was associated (p =0.0022) with poor disease free survival in node-negative 
patients, compared to cases with no or low-level amplification (Figure 1). Survival of 
patients with moderately amplified tumors did not differ significantly from those without 
amplification. Without being bound to a particular theory, it is suggested that an 

20 explanation for this observation may be that low level amplification precedes high level 
amplification. In this regard, it may be significant that one patient developed a local 
metastasis with high-level 20ql3.2 amplification 8 month after resection of a primary 
tumor with low level amplification (Figure 2). 

The 20ql3 amplification was associated with high histologic grade of the 

25 tumors. This correlation was seen in both moderately and highly amplified tumors. There 
was also a correlation (p =0.0085) between high level amplification of a region 
complementary to a particular probe, RMC20C001 (Tanner et al. , Cancer Res. , 54: 
4257-4260 (1994)), and cell proliferation, measured by the fraction of cells in S-phase. 
This finding is important because it identifies a phenotype that can be scored in functional 

30 assays, without knowing the mechanism underlying the increased S-phase fraction. The 
20ql3 amplification did not correlate with the age of the patient, primary tumor size, 
axillary nodal or steroid hormone-receptor status. 
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This work localized the 20ql3.2 ampiicon to an interval of approximately 2 
Mb. Furthermore, it suggests that high-level amplification, found in 7% of the tumors, 
confers an aggressive phenotype on the tumor, adversely affecting clinical outcome. Low 
level amplification (22% of primary tumors) was associated with pathological features 
5 typical of aggressive tumors (high histologic grade, aneuploidy and cell proliferation) but 
not patient prognosis. 

In addition, it is shown herein that the 20ql3 ampiicon (more precisely the 
20ql3.2 ampiicon) is one of three separate co-amplified loci on human chromosome 20 
that arc packaged together throughout the genomes of some primary tumors and breast 

10 cancer cell lines. No known oncogenes map in the 20ql3.2 ampiicon. 
Identificatio n of 20 q 13 Am nitron Probes, 

Initially, a paucity of available molecular cytogenetic probes dictated that 
FISH probes be generated by the random selection of cosmids from a chromosome 20 
specific library, LA20NC01, and then mapped them to chromosome 20 by digital imaging 

15 microscopy. Approximately 46 cosmids, spanning the 70 Mb chromosome, were isolated 
for which fractional length measurements (FLpter) and band assignments were obtained. 
Twenty six of the cosmids were used to assay copy number in the breast cancer cell line 
BT474 by interphase FISH analysis. Copy number was determined by counting 
hybridization signals in interphase nuclei. This analysis revealed that cosmid 

20 RMC20C001 (FLpter, 0.824; 20ql3.2), described by Stokke et aL, Genomics, 26: 

134-137 (1995), defined the highest-level amplification ("60 copies/cell) in BT474 cells 
(Tanner et al., Cancer Res., 54: 4257-4260 (1994)). 

PI clones containing genetically mapped sequences were selected from 
20ql3.2 and used as FISH probes to confirm and further define the region of 

25 amplification. Other PI clones were selected for candidate oncogenes broadly localized to 
the 20ql3.2 region (Flpter, 0.81-0.84). These were selected from the DuPont PI library 
(Shepherd, etal. f Proc. Nail. Acad. ScL USA, 92: 2629 (1994), available commercially 
from Genome Systems), by PCR (Saiki et al, Science, 230: 1350 (1985)) using primer 
pairs developed in the 3' untranslated region of each candidate gene. Gene specific PI 

30 clones were obtained for, protein tyrosine phosphatase (PTPN1 , Flpter 0.78), 

melanocortin 3 receptor (MC3R, Flpter 0.81), phosphoenolpyruvate carboxy kinase 
(PCK1, Flpter 0.85), zinc finger protein 8 (ZNF8, Flpter 0.93), guanine 
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nucleotide-binding protein (GNAS 1, Flpter .873), src-oncogene (SRC, Flpter 0.669), 
topoisomerase 1 (TOPI, Flpter 0.675), the bcl-2 related gene bcl-x (Flpter 0.526) and the 
transcription factor E2F-1 (FLpter 0.541). Each clone was mapped by digital imaging 
microscopy and assigned Flpter values. Five of these genes (SRC, TOPOl, GNAS1, 
5 E2F-1 and BCl-x) were excluded as candidate oncogenes in the amplicon because they 
mapped well outside the critical region at Flpter 0.81-0.84. Three genes (PTPNR1, 
PCK-1 and MC3R) localized close enough to the critical region to warrant further 
investigation. 

Interphase FISH on 14 breast cancer cell lines and 36 primary tumors using 
10 24 cosmid and 3 gene specific PI (PTPNRL, PCK-1 and MC3R) probes found high level 
amplification in 35% (5/14) of breast cancer cell lines and 8% (3/36) of primary tumors 
with one or more probe. The region with the highest copy number in 4/5 of the cell lines 
and 3/3 primary tumors was defined by the cosmid RMC20C001. This indicated that 
PTPNR1, PCK1 and MC3R could also be excluded as candidates for oncogenes in the 
15 amplicon and, moreover, narrowed the critical region from 10 Mb to 1.5-2.0 Mb (see, 
Tanner et al. t Cancer Res., 54: 4257-4260 (1994). 

Because probe RMC20C001 detected high-level (3 to 10-fold) 20ql3.2 
amplification in 35% of cell lines and 8% of primary tumors it was used to (1) define the 
prevalence of amplification in an expanded tumor population, (2) assess the frequency and 
20 level of amplification in these tumors, (3) evaluate the association of the 20ql3.2 amplicon 
with pathological and biological features, (4) determine if a relationship exists between 
20ql3 amplification and clinical outcome and (5) assess 20ql3 amplification in metastatic 
breast tumors. 

As detailed in Example 1 , fluorescent in situ hybridization (FISH) with 
25 RMC20C001 was used to assess 20ql3.2 amplification in 132 primary and 1 1 recurrent 

breast tumors. The absolute copy number (mean number of hybridization signals per cell) 
and the level of amplification (mean number of signals relative to the p-arm reference 
probe) were determined. Two types of amplification were found: Low level amplification 
(1.5-3 fold with FISH signals dispersed throughout the tumor nuclei) and high level 
30 amplification ( >3 fold with tightly clustered FISH signals). Low level 20ql3.2 

amplification was found in 29 of the 132 primary tumors (22%), whereas nine cases 
(6.8%) showed high level amplification. 
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RMC20C001 and four flanking PI probes (MC3R, PCK, RMC20C026, and 
RMC20C030) were used to study the extent of DNA amplification in highly amplified 
tumors. Only RMC20C001 was consistently amplified in all tumors. This finding 
confirmed that the region of common amplification is within a 2 Mb interval flanked by 
but not including PCK-1 and MC3R. 

A physical map was assembled to further localize the minimum common 
region of amplification and to isolate the postulated oncogene(s). The DuPont PI library 
(Shepherd et al. Proc. Natl. Acad. Sci. USA, 91: 2629 (1994) was screened for STSs 
likely to map in band 20ql3.2. PI clones at the loci D20S102, D20S100, D20S120, 
D20S183, D20S480, D20S211 were isolated, and FISH localized each to 20ql3.2. 
Interphase FISH analysis was then performed in the breast cancer cell line BT474 to assess 
the amplification level at each locus. The loci 

D20S100-D20S120-D20S183-D20S480-D20S211 were highly amplified in the BT474 cell 
line, whereas D20S102 detected only low level amplification. Therefore, 5 STSs, 
spanning 5 cM, were localized within the 20ql3.2 amplicon and were utilized to screen the 

CEPH megaYAC library. 

CEPH megaYAC library screening and computer searches of public 
databases revealed D20S120-D20S183-D20S480-D20S211 to be linked on each of three 
megaYAC clones y820f5, 773hl0, and 931h6 (Figure 3). Moreover, screening the CEPH 
megaYAC library with STSs generated from the ends of cosmids RMC20C001, 
RMC20C30 and RMC20C028 localized RMC20C001 to each of the same three YAC 
clones. It was estimated, based on the size of the smallest of these YAC clones, that 
D20S120-D20S 183-RMC20C001-D20S480-D20S21 1 map into an interval of less than 1.1 
Mb. D20S100 was localized 300 kb distal to D20S120 by interphase FISH and to 
YAC901M2 by STS mapping. The combined STS data made it possible to construct a 12 
member YAC contig which spans roughly 4 Mb encompassing the 1.5 Mb amplicon and 
containing the loci RMC20C030-PCK1-RMC20C001-MC3R-RMC20CO26. Each YAC 
was mapped by FISH to confirm localization to 20ql3.2 and to check for chimerism. Five 
clonal isolates of each YAC were sized by pulsed field gel electrophoresis (PFGE). None 
of the YACs are chimeric, however, several are highly unstable. 

The YAC contig served as a framework from which to construct a 2 MbPl 
contig spanning the 20Q13 amplicon. PI clones offered numerous advantages over YAC 
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clones including (1) stability, (2) a chimeric frequency of less than 1%, (3) DNA isolation 
by standard miniprep procedures, (4) they make ideal FISH probes, (5) the ends can be 
sequenced directly, (6) engineered yb transposons carrying bidirectional primer binding 
sites can be integrated at any position in the cloned DNA (Strathmann et at. , Proc. Natl 
5 Acad. ScL USA, 88: 1247 (1991)) (7) PI clones are the templates for sequencing the 

human and Drosophila genomes at the LBNL HGC (Palazzolo et al DOE Human Genome 
Program, Contractor-Grantee Workshop IV. Soma Fe, New Mexico, November 13-17 
1994). 

About 90 PI clones were isolated by screening the DuPont PI library either 

10 by PCR or filter hybridization. For PCR based screening, more than 22 novel STSs were 
created by two methods. In the first method, the ends of PI clones localized to the 
amplicon were sequenced, STSs developed, and the PI library screened for walking 
clones. In the second approach inter-Alu PCR (Nelson et al. , 86: 6686-6690 (1989)) was 
performed on YACs spanning the amplicon and the products cloned and sequenced for 

15 STS creation. In the filter based hybridization scheme PI clones were obtained by 

performing inter-Alu PCR on YACs spanning the amplicon, radio-labeling the products 
and hybridizing these against filters containing a gridded array of the PI library. Finally, 
to close gaps a human genomic bacterial artificial chromosome (BAC) library (Shizuya et 
al. Proc. Natl. Acad. Sci. USA, 89: 8794 (1992), commercially available from Research 

20 Genetics, Huntsville, Alabama, USA) was screened by PCR. These methods combined to 
produce more than 100 PI and BAC clones were localized to 20ql3.2 by FISH. STS 
content mapping, fingerprinting, and ftee-chromatin fish (Heiskanen et al. , 
BioTechniques, 17: 928 (1994)) were used to construct the 2 Mb contig shown in Figure 3 
as well as in Figure 4. Figure 7 is a second physical map of the region showing a 

25 minimum tiling contig. 

Fine Mapping the 20ql3.2 Amplicon in BT474 

Clones from the 2 Mb PI contig were used with FISH to map the level of 
amplification at 20ql3.2 in the breast cancer cell line BT474. 35 PI probes distributed at 
regular intervals along the contig were used. The resulting data indicated that the region 

30 of highest copy number increase in BT474 occurs between D20S100 and D20S21 1 , an 

interval of approximately 1.5 Mb. PI FISH probes, in this interval, detect an average of 
50 signals per interphase nuclei in BT474, while no, or only low level amplification, was 
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detected with the PI clones outside this region. Thus, both the proximal and distal 
boundaries of the amplicon were cloned. 

p| nf Mo ppino » h - Amnlirnn in Primary Tumors 

Fine mapping the amplicon in primary tumors revealed the minimum 
common region of high amplification (MCA) that is of pathobiological significance. This 
process is analogous to screening for informative meiosis in the narrowing of genetic 
intervals encoding heritable disease genes. Analysis of 132 primary tumors revealed 
thirty-eight primary tumors that are amplified at the RMC20C001 locus. Nine of these 
tumors have high level amplification at the RMC20C001 locus and were further analyzed 
by interphase FISH with 8 Pis that span the «2 Mb contig. The minimum common region 
of amplification (MCA) was mapped to a -600 kb interval flanked by PI clones #3 and 
#12 with the highest level of amplification detected by PI clone #38 corresponding to 
RMC20C001 (Figures 3 and 7). 

The PI and BAC clones spanning the 600 kb interval of the 20ql3 amplicon 
are listed in Tables 1 and 2 which provide a cross-reference to the DuPont PI library 
described by Shepherd, etal., Proc. Natl. Acad. Sci. USA, 92: 2629 (1994). These PI 
and BAC probes are available commercially from Genetic Systems, and Research 
Genetics, respectively). 
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cDNA sequences from the 2Qql3 amplicon. 

Exon trapping (see, e.g. , Duyk et al, Proc. Natl. Acad. Sci. USA, 87: 
8995-8999 (1990) and Church et ai, Nature Generics, 6: 98-105 (1994)) was 
performed on the PI and BAC clones spanning the =600 kb minimum common region 
of amplification and has isolated more than 200 exons. 

Analysis of the exons DNA sequence revealed a number of sequence 
similarities (85% to 96%) to partial CDNA sequences in the expressed sequence data 
base (dbest) and to a S. cerevisiae chromosome XIV open reading frame. Each PI 
clone subjected to exon trapping has produced multiple exons consistent with at least a 
medium density of genes. Over 200 exons have been trapped and analyzed as well as 
200 clones isolated by direct selection from a BT474 cDNA library. In addition a 
0.6 Mb genomic interval spanning the minimal amplicon described below is being 
sequenced. Exon prediction and gene modeling are carried out with XGRAIL, 
SORFIND, and BLAST programs. Gene fragments identified by these approaches 
have been analyzed by RT-PCR, Northern and Southern blots. Fifteen unique genes 
were identified in this way (sec, Table 3 and Figure 5). 

In addition two other genes ZABC1 (SEQ. ID. 9 and 10) and Ibl (SEQ 
ID No. 12) were also were shown to be overexpressed in a variety of different cancer 
cells. 

Sequence information from various cDNA clones are provided below. 
They are as follows: 

3bf4 (SEQ. ID. No. 1) - 3kb transcript with sequence identity to a 
tyrosine kinase gene, termed A6, disclosed in Beeier et al. MoL Cell. Biol. 14:982- 
988 (1994) and WO 95/19439. These references, however, do not disclose that the 
gene is located in the chromosome 20 amplicon. 

lbll (SEQ. ID. No. 2) - an approximately 3.5 kb transcript whose 
expression shows high correlation with the copy number of the amplicon. The 
sequence shows no homology with sequences in the databases searched. 

cc49 (SEQ. ID. No. 3) - a 6-7 kb transcript which shows homology to 
C2H2 zinc finger genes. 
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cc43 (SEQ. ID. No. 4) - an approximately 4 kb transcript which is 
expressed in normal tissues, but whose expression in the breast cancer cell line has not 
been detected. 

41.1 (SEQ. ID. No. 5) - shows homology to the homeobox T shirt 

5 gene in Drosophila. 

GCAP (SEQ. ID. No. 6) - encodes a guanino cyclase activating protein 
which is involved in the biosynthesis of cyclic AMP. As explained in detail below, 
sequences from this gene can also be used for treatment of retinal degeneration. 
Ib4 (SEQ. ID. No. 7) - a serine threonine kinase. 

10 20sa7 (SEQ. ID. No. 8) - a homolog of the rat gene, BEM-1. 

In addition, the entire nucleotide sequence is provided for ZABC-1 . 
ZABC-1 stands for zinc finger amplified in breast cancer. This gene maps to the core 
of the 20ql3.2 amplicon and is overexpressed in primary tumors and breast cancer 
cell lines having 20ql3.2 amplification. The genomic sequence (SEQ. ID. No. 9) 

15 includes roughly 2kb of the promoter region. SEQ ID. No. 10 provides the cDNA 
sequence derived open reading frame and SEQ ID. No. 1 1 provides the predicted 
protein sequence. Zinc finger containing genes are often transcription factors that 
function to modulate the expression of down stream genes. Several known oncogenes 
are in fact zinc finger containing genes. 

20 This invention also provides the full length cDNA sequence for a 

cDNA designated lbl (SEQ. ID. No. 12) which is also overexpressed in numerous 
breast cancer cell lines and some primary tumors. 

SEQ ID NO: 13 provides sequence from a genomic clone which is 
similar to known rat and mouse cyclophilin cDNAs. Rat Cyclophilin nucleic acids 

25 (e.g., cDNAs) are known; see, GenBank™ under accession No. M19533; Mouse 

Cyclophilin nucleic acids (e.g., cDNAs) are known; see, GenBank™ under accession 
No. 50620 (see, Figure 6). Accordingly, SEQ ID NO: 13 is a putative human 
cyclophilin gene. The sequence is also associated with amplified sequences from 
20ql3, and can be used as a probe or probe hybridization target to detect DNA 

30 amplification, or RNA overexpression of the corresponding gene. 
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Table 3. Gene fragments identified by exon trapping and analyzed by RT-PCR, 
Northern and Southern blots. 
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20ql3 Amplicon Proteins 

As indicated above, this invention also provides for proteins encoded 
by nucleic acid sequences in the 20ql3 amplicon (e.g., SEQ. ID. Nos: 1-10 and 12- 
25 13) and subsequences more preferably subsequences of at least 10 amino acids, 

preferably of at least 20 amino acids, and most preferably of at least 30 amino acids in 
length. Particularly preferred subsequences are epitopes specific to the 20ql3 proteins 
more preferably epitopes specific to the ZABC1 and lbl proteins. Such proteins 
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include, but are not limited to isolated polypeptides comprising at least 10 contiguous 
amino acids from a polypeptide encoded by the nucleic acids of SEQ. ID No. 1-10 
and 12-13 or from the polypeptide of SEQ. ID. No. 1 1 wherein the polypeptide, when 
presented as an immunogen, elicits the production of an antibody which specifically 
binds to a polypeptide selected from the group consisting of a polypeptide encoded by 
the nucleic acids of SEQ. ID No. 1-10 and 12-13 or from the polypeptide of SEQ. 
ID. No. 11 and the polypeptide does not bind to antisera raised against a polypeptide 
selected from the group consisting of a polypeptide encoded by the nucleic acids of 
SEQ. ID No. 1-10 and 12 or from the polypeptide of SEQ. ID. No. 11 which has 
been fully immunosorbed with a polypeptide selected from the group consisting of a 
polypeptide encoded by the nucleic acids of SEQ. ID No. 1-10 and 12-13 or from the 
polypeptide of SEQ. ID. No. 11. 

A protein that specifically binds to or that is specifically 
immunoreactive with an antibody generated against a defined immunogen, such as an 
immunogen consisting of the amino acid sequence of SEQ ID NO 1 1 is determined in 
an immunoassay. The immunoassay uses a polyclonal antiserum which was raised to 
the protein of SEQ ID NO 1 1 (the immunogenic polypeptide). This antiserum is 
selected to have low cross reactivity against other similar known polypeptides and any 
such cross reactivity is removed by immunoabsorbtion prior to use in the 
immunoassay (e.g. , by immunosorbtion of the antisera with the related polypeptide). 

In order to produce antisera for use in an immunoassay, the polypeptide 
e.g. , the polypeptide of SEQ ID NO 1 1 is isolated as described herein. For example, 
recombinant protein can be produced in a mammalian or other eukaryotic cell line. 
An inbred strain of mice is immunized with the protein of SEQ ID NO 1 1 using a 
standard adjuvant, such as Freund's adjuvant, and a standard mouse immunization 
protocol (see Harlow and Lane, supra). Alternatively, a synthetic polypeptide derived 
from the sequences disclosed herein and conjugated to a carrier protein is used as an 
immunogen. Polyclonal sera are collected and titered against the immunogenic 
polypeptide in an immunoassay, for example, a solid phase immunoassay with the 
immunogen immobilized on a solid support. Polyclonal antisera with a titer of 10 4 or 
greater are selected and tested for their cross reactivity against known polypeptides 
using a competitive binding immunoassay such as the one described in Harlow and 
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Lane, supra, at pages 570-573. Preferably more than one known polypeptide is used 
in this determination in conjunction with the immunogenic polypeptide. 

The known polypeptides can be produced as recombinant proteins and 
isolated using standard molecular biology and protein chemistry techniques as 

5 described herein. 

Immunoassays in the competitive binding format are used for cross 
reactivity determinations. For example, the immunogenic polypeptide is immobilized 
to a solid support. Proteins added to the assay compete with the binding of the 
antisera to the immobilized antigen. The ability of the a proteins to compete with the 

10 binding of the antisera to the immobilized protein is compared to the immunogenic 

polypeptide. The percent cross reactivity for the protein is calculated, using standard 
calculations. Those antisera with less than 10% cross reactivity to known 
polypeptides are selected and pooled. The cross-reacting antibodies are then removed 
from the pooled antisera by immunoabsorbtion with known polypeptide. 

15 The immunoabsorbed and pooled antisera are then used in a 

competitive binding immunoassay as described herein to compare a "target" 
polypeptide to the immunogenic polypeptide. To make this comparison, the two 
polypeptides are each assayed at a wide range of concentrations and the amount of 
each polypeptide required to inhibit 50% of the binding of the antisera to the 

20 immobilized protein is determined using standard techniques. If the amount of the 
target polypeptide required is less than twice the amount of the immunogenic 
polypeptide that is required, then the target polypeptide is said to specifically bind to 
an antibody generated to the immunogenic protein. As a final determination of 
specificity, the pooled antisera is fully immunosorbed with the immunogenic 

25 polypeptide until no binding to the polypeptide used in the immunosorbtion is 

detectable. The fully immunosorbed antisera is then tested for reactivity with the test 
polypeptide. If no reactivity is observed, then the test polypeptide is specifically 
bound by the antisera elicited by the immunogenic protein. 

Similarly, in a reciprocal experiment, the pooled antisera is 

30 immunosorbed with the test polypeptide. If the antisera which remains after the 

immunosorbtion does not bind to the immunogenic polypeptide (i.e., the polypeptide 
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of SEQ ID NO: 1 1 used to elicit the antisera) then the test polypeptide is specifically 
bound by the antisera elicited by the immunogenic peptide. 
Detection o f 2ftql3 Abnormalities. 

One of skill in the an will appreciate that the clones and sequence 
information provided herein can be used to detect amplifications, or other 
chromosomal abnormalities, at 20ql3 in a biological sample. Generally the methods 
involve hybridization of probes that specifically bind one or more nucleic acid 
sequences of the target amplicon with nucleic acids present in a biological sample or 
derived from a biological sample. 

As used herein, a biological sample is a sample of biological tissue or 
fluid containing cells desired to be screened for chromosomal abnormalities (e.g. 
amplifications of deletions). In a preferred embodiment, the biological sample is a 
cell or tissue suspected of being cancerous (transformed). Methods of isolating 
biological samples are well known to those of skill in the art and include, but are not 
limited to, aspirations, tissue sections, needle biopsies, and the like. Frequently the 
sample will be a "clinical sample" which is a sample derived from a patient. It will 
be recognized that the term "sample" also includes supernatant (containing cells) or 
the cells themselves from cell cultures, cells from tissue culture and other media in 
which it may be desirable to detect chromosomal abnormalities. 

In some embodiments, a chromosome sample is prepared by depositing 
cells, either as single cell suspensions or as tissue preparation, on solid supports such 
as glass slides and fixed by choosing a fixative which provides the best spatial 
resolution of the cells and the optimal hybridization efficiency. In other 
embodiments, the sample is contacted with an array of probes immobilized on a solid 
surface. 

Making Probes 

Any of the PI probes listed in Table 1 , the BAC probes listed in Table 
2, or the cDNAs disclosed here are suitable for use in detecting the 20ql3 amplicon. 
Methods of preparing probes are well known to those of skill in the art (see, e.g. 
Sambrook et al , Molecular Cloning: A Laboratory Manual (2nd ed.). Vols. 1-3, Cold 
Spring Harbor Laboratory, (1989) or Current Protocols in Molecular Biology, F. 
Ausubel et al , ed. Greene Publishing and Wiley-Interscience, New York (1987)) 
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Given the strategy for making the nucleic acids of the present 
invention, one of skill can construct a variety of vectors and nucleic acid clones 
containing functionally equivalent nucleic acids. Cloning methodologies to 
accomplish these ends, and sequencing methods to verify the sequence of nucleic acids 
5 are well known in the art. Examples of appropriate cloning and sequencing 

techniques, and instructions sufficient to direct persons of skill through many cloning 
exercises are found in Berger and Kimmel, Guide to Molecular Cloning Techniques, 
Methods in Enzymology volume 152 Academic Press, Inc., San Diego, CA (Berger); 
Sambrook et aL (1989) Molecular Cloning - A Laboratory Manual (2nd ed.) Vol. 1-3, 

10 Cold Spring Harbor Laboratory, Cold Spring Harbor Press, NY, (Sambrook); and 
Current Protocols in Molecular Biology, F.M. Ausubel et aL , eds., Current 

} Protocols, a joint venture between Greene Publishing Associates, Inc. and John Wiley 
& Sons, Inc., (1994 Supplement) (Ausubel). Product information from manufacturers 
of biological reagents and experimental equipment also provide information useful in 

15 known biological methods. Such manufacturers include the SIGMA chemical 

company (Saint Louis, MO), R&D systems (Minneapolis, MN), Pharmacia LKB 
Biotechnology (Piscataway, NJ), CLONTECH Laboratories, Inc. (Palo Alto, CA), 
Chem Genes Corp., Aldrich Chemical Company (Milwaukee, WI), Glen Research, 
Inc., GIBCO BRL Life Technologies, Inc. (Gaithersberg, MD), Fluka 

20 Chemica-Biochemika Analytika (Fluka Chemie AG, Buchs, Switzerland), Invitrogen, 
San Diego, CA, and Applied Biosystems (Foster City, CA), as well as many other 
commercial sources known to one of skill. 

The nucleic acids provided by this invention, whether RNA, cDNA, 
genomic DNA, or a hybrid of the various combinations, are isolated from biological 

25 sources or synthesized in vitro. The nucleic acids and vectors of the invention are 
present in transformed or transfected whole cells, in transformed or transfected cell 
lysates, or in a partially purified or substantially pure form. 

In vitro amplification techniques suitable for amplifying sequences to 
provide a nucleic acid, or for subsequent analysis, sequencing or subcloning are 

30 known. Examples of techniques sufficient to direct persons of skill through such in 
vitro amplification methods, including the polymerase chain reaction (PCR) the ligase 
chain reaction (LCR), QP-replicase amplification and other RNA polymerase 
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mediated techniques (e.g., NASBA) are found in Berger, Sambrook, and Ausubel, as 
well as Mullis et a/., (1987) U.S. Patent No. 4,683,202; PCR Protocols A Guide to 
Methods and Applications (Innis et al eds) Academic Press Inc. San Diego, CA 
(1990) (Innis); Arnheim & Levinson (October 1, 1990) C&EN 36-47; The Journal Of 
NIH Research (1991) 3, 81-94; (Kwoh et aL (1989) Proc. Natl Acad. Sci. USA 86, 
1173; Guatelli et aL (1990) Proc. Natl. Acad. ScL USA 87, 1874; Lomell et aL 
(1989) J. Clin. Chem 35, 1826; Landegren et al. y (1988) Science 241, 1077-1080; 
Van Brunt (1990) Biotechnology 8, 291-294; Wu and Wallace, (1989) Gene 4 T 560; 
Barringer et aL (1990) Gene 89, 117, and Sooknanan and Malek (1995) 
Biotechnology 13: 563-564. Improved methods of cloning in vitro amplified nucleic 
acids are described in Wallace et aL, U.S. Pat. No. 5,426,039. Improved methods of 
amplifying large nucleic acids are summarized in Cheng et aL (1994) Nature 369: 
684-685 and the references therein. 

Nucleic Acids (e.g., oligonucleotides) for in vitro amplification 
methods or for use as gene probes, for example, are typically chemically synthesized 
according to the solid phase phosphoramidite triester method described by Beaucage 
and Camthers (1981), Tetrahedron Letts. , 22(20): 1859-1862, e.g., using an 
automated synthesizer, as described in Needham-VanDevanter et aL (1984) Nucleic 
Acids Res., 12:6159-6168. Purification of oligonucleotides, where necessary, is 
typically performed by either native acrylamide gel electrophoresis or by 
anion-exchange HPLC as described in Pearson and Regnier (1983) J. Chrom. 
255: 137-149. The sequence of the synthetic oligonucleotides can be verified using the 
chemical degradation method of Maxam and Gilbert (1980) in Grossman and Moldave 
(eds.) Academic Press, New York, Methods in Enzymology 65:499-560. 

The probes are most easily prepared by combining and labeling one or 
more of the constructs listed in Tables 1 and 2. Prior to use, the constructs are 
fragmented to provide smaller nucleic acid fragments that easily penetrate the cell and 
hybridize to the target nucleic acid. Fragmentation can be by any of a number of 
methods well known to hose of skill in the an. Preferred methods include treatment 
with a restriction enzyme to selectively cleave the molecules, or alternatively to 
briefly heat the nucleic acids in the presence of Mg 2+ . Probes are preferably 
fragmented to an average fragment length ranging from about 50 bp to about 2000 bp, 
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more preferably from about 100 bp to about 1000 bp and most preferably from about 
150 bp to about 500 bp. 

Alternatively, probes can be produced by amplifying ( e.g. via PCR) 
selected subsequences from the 20ql3 amplicon disclosed herein. The sequences 
provided herein permit one of skill to select primers that amplify sequences from one 
or more exons located within the 20ql3 amplicon. 

Particularly preferred probes include nucleic acids from probes 38, 40, 
and 79, which corresponds to RMC20C001. In addition, the cDNAs are particularly 
useful for identifying cells that have increased expression of the corresponding genes, 
using for instance, Northern blot analysis. 

One of skill will appreciate that using the sequence information and 
clones provided herein, one of skill in the art can isolate the same or similar probes 
from other human genomic libraries using routine methods (e.g. Southern or Northern 
Blots). 

Similarly, the polypeptides of the invention can be synthetically 
prepared in a wide variety of well-know ways. For instance, polypeptides of 
relatively short length can be synthesized in solution or on a solid support in 
accordance with conventional techniques. See, e.g., Merrifield (1963) J. Am. Chem. 
Soc. 85:2149-2154. Various automatic synthesizers are commercially available and 
can be used in accordance with known protocols. See, e.g. , Stewart and Young 
(1984) Solid Phase Peptide Synthesis, 2d. ed,, Pierce Chemical Co. As described in 
more detail herein, the polypeptide of the invention are most preferably made using 
recombinant techniques, e.g., by expressing the polypeptides in host cells and 
purifying the expressed proteins. 

In a preferred embodiment, the polypeptides, or subsequences thereof, 
are synthesized using recombinant DNA methodology. Generally this involves 
creating a DNA sequence that encodes the protein, through recombinant, synthetic, or 
in vitro amplification techniques, placing the DNA in an expression cassette under the 
control of a particular promoter, expressing the protein in a host cell, isolating the 
expressed protein and, if required, renaturing the protein. 
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I f ahpling Nucleic Acids 

Methods of labeling nucleic acids (either probes or sample nucleic 
acids) are well known to those of skill in the an. Preferred labeled labels are those 
that are suitable for use in in situ hybridization. The nucleic acid probes or samples 
of the invention may be detectably labeled prior to the hybridization reaction. 
Alternatively, a detectable label which binds to the hybridization product may be 
used. Such detectable labels include any material having a detectable physical or 
chemical property and have been well-developed in the field of immunoassays. 

As used herein, a "label" is any composition detectable by 
spectroscopic, photochemical, biochemical, immunochemical, or chemical means. 
Useful labels in the present invention include radioactive labels (e.g. 32 P, I25 I, 14 C, 
3 H, and 35 S), fluorescent dyes (e.g. fluorescein, rhodamine, Texas Red, etc.), 
electron-dense reagents (e.g. gold), enzymes (as commonly used in an ELISA), 
colorimetric labels (e.g. colloidal gold), magnetic labels (e.g. Dynabeads™ ), and the 
like. Examples of labels which are not directly detected but are detected through the 
use of directly detectable label include biotin and dioxigenin as well as haptens and 
proteins for which labeled antisera or monoclonal antibodies are available. 

The particular label used is not critical to the present invention, so long 
as it does not interfere with the in situ hybridization of the stain. However, stains 
directly labeled with fluorescent labels (e.g. fluorescein- 12-dUTP, Texas 
Red-5-dUTP, etc.) are preferred for chromosome hybridization. 

A direct labeled probe, as used herein, is a probe to which a detectable 
label is attached. Because the direct label is already attached to the probe, no 
subsequent steps are required to associate the probe with the detectable label. In 
contrast, an indirect labeled probe is one which bears a moiety to which a detectable 
label is subsequently bound, typically after the probe is hybridized with the target 
nucleic acid. 

In addition the label must be detectible in as low copy number as 
possible thereby maximizing the sensitivity of the assay and yet be detectible above 
any background signal. Finally, a label must be chosen that provides a highly 
localized signal thereby providing a high degree of spatial resolution when physically 
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mapping the stain against the chromosome. Particularly preferred fluorescent labels 
include fluorescein- 1 2-dUTP and Texas Red-5-dUTP. 

The labels may be coupled to the probes in a variety of means known to 
those of skill in the art. In a preferred embodiment the nucleic acid probes will be 
5 labeled using nick translation or random primer extension (Rigby, et aL 7. MoL BioL , 
113: 237 (1977) or Sambrook, et aL , Molecular Cloning - A Laboratory Manual, 
Cold Spring Haitoor Laboratory, Cold Spring Harbor, N.Y. (1985)). 

One of skill in the art will appreciate that the probes of this invention 
need not be absolutely specific for the targeted 20ql3 region of the genome. Rather, 

10 the probes are intended to produce "staining contrast". "Contrast" is quantified by the 
ratio of the probe intensity of the target region of the genome to that of the other 
portions of the genome. For example, a DNA library produced by cloning a 
particular chromosome (e.g. chromosome 7) can be used as a stain capable of staining 
the entire chromosome. The library contains both sequences found only on that 

15 chromosome, and sequences shared with other chromosomes. Roughly half the 

chromosomal DNA falls into each class. If hybridization of the whole library were 
capable of saturating all of the binding sites on the target chromosome, the target 
chromosome would be twice as bright (contrast ratio of 2) as the other chromosomes 
since it would contain signal from the both the specific and the shared sequences in 

20 the stain, whereas the other chromosomes would only be stained by the shared 

sequences. Thus, only a modest decrease in hybridization of the shared sequences in 
the stain would substantially enhance the contrast. Thus contaminating sequences 
which only hybridize to non-targeted sequences, for example, impurities in a library, 
can be tolerated in the stain to the extent that the sequences do not reduce the staining 

25 contrast below useful levels. 

Detecting the 2Qql3 Amplicnn. 

As explained above, detection of amplification in the 20ql3 amplicon is 
indicative of the presence and/or prognosis of a large number of cancers. These 
include, but are not limited to breast, ovary, bladder, head and neck, and colon. 

30 In a preferred embodiment, a 20ql3 amplification is detected through 

the hybridization of a probe of this invention to a target nucleic acid (e.g. a 
chromosomal sample) in which it is desired to screen for the amplification. Suitable 
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hybridization formats are well known to those of skill in the art and include, but are 
not limited to, variations of Southern Blots, in situ hybridization and quantitative 
amplification methods such as quantitative PCR (see, e.g. Sambrook, supra. , 
Kallioniemi etaL, Proc. Natl Acad Sci USA, 89: 5321-5325 (1992), and PCR 
5 Protocols, A Guide to Methods and Applications, Innis et aL , Academic Press, Inc. 
N.Y.. (1990)). 

In ritu Hybridization. 

In a preferred embodiment, the 20ql3 amplicon is identified using in 
situ hybridization. Generally, in situ hybridization comprises the following major 

10 steps: (1) Fixation of tissue or biological structure to analyzed; (2) prehybridization 
treatment of the biological structure to increase accessibility of target DNA, and to 
reduce nonspecific binding; (3) hybridization of the mixture of nucleic acids to the 
nucleic acid in the biological structure or tissue; (4) posthybridization washes to 
remove nucleic acid fragments not bound in the hybridization and (5) detection of the 

15 hybridized nucleic acid fragments. The reagent used in each of these steps and their 
conditions for use vary depending on the particular application. 

In some applications it is necessary to block the hybridization capacity 
of repetitive sequences. In this case, human genomic DNA is used as an agent to 
block such hybridization. The preferred size range is from about 200 bp to about 

20 1000 bases, more preferably between about 400 to about 800 bp for double stranded, 
nick translated nucleic acids. 

Hybridization protocols for the particular applications disclosed here 
are described in Pinkel et aL Proc. Natl. Acad. Sci. USA, 85: 9138-9142 (1988) and 
in EPO Pub. No. 430,402. Suitable hybridization protocols can also be found in 

25 Methods o\in Molecular Biology Vol. 33: In Situ Hybridization Protocols, K.H.A. 

Choo, ed., Humana Press, Totowa, New Jersey, (1994). In a particularly preferred 
embodiment, the hybridization protocol of Kallioniemi et aL, Proc. Natl Acad Sci 
USA,%9: 5321-5325 (1992) is used. 

Typically, it is desirable to use dual color FISH, in which two probes 

30 are utilized, each labeled by a different fluorescent dye. A test probe that hybridizes 
to the region of interest is labeled with one dye, and a control probe that hybridizes to 
a different region is labeled with a second dye. A nucleic acid that hybridizes to a 
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stable portion of the chromosome of interest, such as the centromere region, is often 
most useful as the control probe. In this way, differences between efficiency of 
hybridization from sample to sample can be accounted for. 

The FISH methods for detecting chromosomal abnormalities can be 

5 performed on nanogram quantities of the subject nucleic acids. Paraffin embedded 
tumor sections can be used, as can fresh or frozen material. Because FISH can be 
applied to the limited material, touch preparations prepared from uncultured primary 
tumors can also be used (see, e.g., Kallioniemi, A. etai, Cytogenet. Cell Genet. 60: 
190-193 (1992)). For instance, small biopsy tissue samples from tumors can be used 

10 for touch preparations (see, e.g., Kallioniemi, A. et al., Cytogenet. Cell Genet. 60: 
190-193 (1992)). Small numbers of cells obtained from aspiration biopsy or cells in 
bodily fluids (e.g. , blood, urine, sputum and the like) can also be analyzed. For 
prenatal diagnosis, appropriate samples will include amniotic fluid and the like. 
Other Formats 

15 A number of hybridization formats are useful in the invention. For 

instance, Southern hybridizations can be used. In a Southern Blot, a genomic or 
cDNA (typically fragmented and separated on an electrophoretic gel) is hybridized to 
a probe specific for the target region. Comparison of the intensity of the 
hybridization signal from the probe for the target region (e.g. , 20ql3) with the signal 

20 from a probe directed to a control (non amplified) such as centromeric DNA, provides 
an estimate of the relative copy number of the target nucleic acid. 

Other formats use arrays of probes or targets to which nucleic acid 
samples are hybridized as described, for instance, in WO 96/17958. As used herein, 
a "nucleic acid array" is a plurality of target elements, each comprising one or more 

25 target nucleic acid molecules immobilized on a solid surface to which probe nucleic 
acids are hybridized. Target nucleic acids of a target element typically have their 
origin in the 20ql3 amplicon. The target nucleic acids of a target element may, for 
example, contain sequence from specific genes or clones disclosed here. Target 
elements of various dimensions can be used in the arrays of the invention. Generally, 

30 smaller, target elements are preferred. Typically, a target element will be less than 
about 1cm in diameter. Generally element sizes are from 1/xm to about 3mm, 
preferably between about 5 /im and about 1mm. 
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The target elements of the arrays may be arranged on the solid surface 
at different densities. The target element densities will depend upon a number of 
factors, such as the nature of the label, the solid support, and the like. One of skill 
will recognize that each target element may comprise a mixture of target nucleic acids 

5 of different lengths and sequences. Thus, for example, a target element may contain 
more than one copy of a cloned piece of DNA, and each copy may be broken into 
fragments of different lengths. The length and complexity of the target sequences of 
the invention is not critical to the invention. One of skill can adjust these factors to 
provide optimum hybridization and signal production for a given hybridization 

10 procedure, and to provide the required resolution among different genes or genomic 
locations. Typically, the target sequences will have a complexity between about 1 kb 
and about 1 Mb, sometimes lOkb and about 500kb, and usually from about 50kb to 
about 150kb. 

15 Detecting Mutations in Genes from the 20a 13 Amplicon 

The cDNA sequences disclosed here can also be used for detecting 
mutations (e.g., substitutions, insertions, and deletions) within the corresponding 
endogenous genes. One of skill will recognize that the nucleic acid hybridization 
techniques generally described above can be adapted to detect such much mutations. 

20 For instance, oligonucleotide probes that distinguish between mutant and wild-type 
forms of the target gene can be used in standard hybridization assays. In some 
embodiments, amplification (e.g. , using PCR) can be used to increase copy number of 
the target sequence prior to hybridization. 
Assays for detecting 20ql3 amplicon proteins. 

25 As indicated above, this invention identifies protein products of genes 

in the 20ql3 amplicon that are associated with various cancers. In particular, it was 
shown that 20ql3 proteins were overexpressed in various cancers. The presence or 
absence and/or level of expression of 20ql3 proteins can be indicative of the presence, 
absence, or extent of a cancer. Thus, 20ql3 proteins can provide useful diagnostic 

30 markers. 

The 20ql3 amplicon proteins (e.g., ZABC1 or lb 1) can be detected 
and quantified by any of a number of means well known to those of skill in the art. 
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These may include analytic biochemical methods such as electrophoresis, capillary 
electrophoresis, high performance liquid chromatography (HPLC), thin layer 
chromatography (TLC), hyperdiffusion chromatography, and the like, or various 
immunological methods such as fluid or gel precipitin reactions, immunodiffusion 
S (single or double), Immunoelectrophoresis, radioimmunoassay (RIA), enzyme-linked 
immunosorbent assays (EliSAs), immunofluorescent assays, western blotting, and the 
like. 

In one preferred embodiment, the 20ql3 amplicon proteins are detected 
in an electrophoretic protein separation such as a one dimensional or two-dimensional 
10 electrophoresis, while in a most preferred embodiment, the 20ql3 amplicon proteins 
are detected using an immunoassay. 

As used herein, an immunoassay is an assay that utilizes an antibody to 
specifically bind to the analyte (e.g., ZABC1 or lbl proteins) The immunoassay is 
thus characterized by detection of specific binding of a 20q 1 3 amplicon protein to an 
15 anti-20ql3 amplicon antibody (e.g., anti-ZABCl or anti-lbl) as opposed to the use of 
other physical or chemical properties to isolate, target, and quantify the analyte. 

The collection of biological sample and subsequent testing for 20ql3 
amplicon protein(s) is discussed in more detail below. 
A) Sample Collection and Processing 
20 The 20q 1 3 amplicon proteins are preferably quantified in a biological 

sample derived from a mammal, more preferably from a human patient or from a porcine, 
murine, feline, canine, or bovine. As used herein, a biological sample is a sample of 
biological tissue or fluid that contains a 20ql3 amplicon protein concentration that may 
be correlated with a 20ql3 amplification. Particularly preferred biological samples 
25 include, but are not limited to biological fluids such as blood or urine, or tissue samples 
including, but not limited to tissue biopsy (e.g., needle biopsy) samples. 

The biological sample may be pretreated as necessary by dilution in an 
appropriate buffer solution or concentrated, if desired. Any of a number of standard 
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aqueous buffer solutions, employing one of a variety of buffers, such as phosphate, Tris. 
or the like, at physiological pH can be used. 
B) Electrophor etic Assays. 

As indicated above, the presence or absence of 20ql3 amplicon proteins 
in a biological tissue may be determined using electrophoretic methods. Means of 
detecting proteins using electrophoretic techniques are well known to those of skill in the 
art (see generally, R. Scopes (1982) Protein Purification, Springer- Verlag, N.Y.; 
Deutscher, (1990) Methods in Enzymology Vol 182: Guide to Protein Purification, 
Academic Press, Inc., N Y ). In a preferred embodiment, the 20ql3 amplicon proteins 
are detected using one-dimensional or two-dimensional electrophoresis. A particularly 
preferred two-dimensional electrophoresis separation relies on isoelectric focusing (IEF) 
in immobilized pH gradients for one dimension and polyacrylamide gels for the second 
dimension. Such assays are described in the cited references and by Patton et al ( 1 990) 
Biotechniques%\ 518. 

C\ Immunological Binding Assays. 

In a preferred embodiment, the 20ql3 amplicon are detected and/or 
quantified using any of a number of well recognized immunological binding assays 
(see, e.g., U.S. Patents 4,366,241; 4,376,110; 4,517,288; and 4,837,168). For a 
review of the general immunoassays, see also Methods in Cell Biology Volume 37: 
Antibodies in Cell Biology, Asai, ed. Academic Press, Inc. New York (1993); Basic 
and Clinical Immunology 7th Edition, Stites & Terr, eds. (1991). 

Immunological binding assays (or immunoassays) typically utilize a 
"capture agent" to specifically bind to and often immobilize the analyte (in this case 
20ql3 amplicon). The capture agent is a moiety that specifically binds to the analyte. 
In a preferred embodiment, the capture agent is an antibody that specifically binds 
20ql3 amplicon protein(s). 

The antibody (e.g. , anti-ZABCl or anti-lbl) may be produced by any 
of a number of means well known to those of skill in the art (see, e.g. Methods in 
Cell Biology Volume 37: Antibodies in Cell Biology, Asai, ed. Academic Press, Inc. 
New York (1993); and Basic and Clinical Immunology 7th Edition, Stites & Terr, 
eds. (1991)). The antibody may be a whole antibody or an antibody fragment. It 
may be polyclonal or monoclonal, and it may be produced by challenging an organism 
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(e.g. mouse, rat, rabbit, etc.) with a 20ql3 amplicon protein or an epitope derived 
therefrom. Alternatively, the antibody may be produced de novo using recombinant 
DNA methodology. The antibody can also be selected from a phage display library 
screened against 20ql3 amplicon (see, e.g. Vaughan et al. (1996) Nature 

5 Biotechnology, 14: 309-314 and references therein). 

Immunoassays also often utilize a labeling agent to specifically bind to 
and label the binding complex formed by the capture agent and the analyte. The 
labeling agent may itself be one of the moieties comprising the antibody/analyte 
complex. Thus, the labeling agent may be a labeled 20ql3 amplicon protein or a 

10 labeled anti-20ql3 amplicon antibody. Alternatively, the labeling agent may be a 
third moiety, such as another antibody, that specifically binds to the antibody/20ql3 
amplicon protein complex. In a preferred embodiment, the labeling agent is a 

second human 20ql3 amplicon protein antibody bearing a label. Alternatively, the 
second 20ql3 amplicon protein antibody may lack a label, but it may, in turn, be 

IS bound by a labeled third antibody specific to antibodies of the species from which the 
second antibody is derived. The second can be modified with a detectable moiety, 
such as biotin, to which a third labeled molecule can specifically bind, such as 
enzyme- labeled streptavidin. 

Other proteins capable of specifically binding immunoglobulin constant 

20 regions, such as protein A or protein G may also be used as the label agent. These 
proteins are normal constituents of the cell walls of streptococcal bacteria. They 
exhibit a strong non- immunogenic reactivity with immunoglobulin constant regions 
from a variety of species. See, generally Kronval, et al. , J. Immunol. ,111 : 1401- 
1406 (1973), and Akerstrom, etaL.J. Immunol., 135:2589-2542 (1985). 

25 Throughout the assays, incubation and/or washing steps may be 

required after each combination of reagents. Incubation steps can vary from about 5 
seconds to several hours, preferably from about 5 minutes to about 24 hours. 
However, the incubation time will depend upon the assay format, analyte, volume of 
solution, concentrations, and the like. Usually, the assays will be carried out at 

30 ambient temperature, although they can be conducted over a range of temperatures, 
such as 10°C to 40°C. 

1) Non-Competitive Assay Formats. 
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Immunoassays for detecting 20ql3 amplicon proteins may be either 
competitive or noncompetitive. Noncompetitive immunoassays are assays in which 
the amount of captured analyte (in this case 20ql3 amplicon) is directly measured. In 
one preferred "sandwich" assay, for example, the capture agent (anti-20ql3 amplicon 

5 protein antibodies) can be bound directly to a solid substrate where they are 

immobilized. These immobilized antibodies then capture 20ql3 amplicon protein 
present in the test sample. The 20ql3 amplicon protein thus immobilized is then 
bound by a labeling agent, such as a second human 20ql3 amplicon protein antibody 
bearing a label. Alternatively, the second 20ql3 amplicon protein antibody may lack 

10 a label, but it may, in turn, be bound by a labeled third antibody specific to antibodies 
of the species from which the second antibody is derived. The second can be 
modified with a detectable moiety, such as biotin, to which a third labeled molecule 
can specifically bind, such as enzyme-labeled streptavidin. 
2. Competitive assay formats. 

15 In competitive assays, the amount of analyte (20ql3 amplicon protein) 

present in the sample is measured indirectly by measuring the amount of an added 
(exogenous) analyte (20ql3 amplicon proteins such as ZABC1 or lbl protein) 
displaced (or competed away) from a capture agent (e.g. , anti-ZABCl or ami- lbl 
antibody) by the analyte present in the sample. In one competitive assay, a known 

20 amount of, in this case, 20ql3 amplicon protein is added to the sample and the sample 
is then contacted with a capture agent, in this case an antibody that specifically binds 
20ql3 amplicon protein. The amount of 20ql3 amplicon protein bound to the 
antibody is inversely proportional to the concentration of 20ql3 amplicon protein 
present in the sample. 

25 In a particularly preferred embodiment, the anti-20ql3 protein antibody 

is immobilized on a solid substrate. The amount of 20ql3 amplicon protein bound to 
the antibody may be determined either by measuring the amount of 20ql3 amplicon 
present in an 20ql3 amplicon protein/antibody complex, or alternatively by measuring 
the amount of remaining uncomplexed 20ql3 amplicon protein. The amount of 20ql3 

30 amplicon protein may be detected by providing a labeled 20ql3 amplicon protein. 

A hapten inhibition assay is another preferred competitive assay. In 
this assay a known analyte, in this case 20ql3 amplicon protein is immobilized on a 
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solid substrate. A known amount of anti-20ql3 amplicon protein antibody is added to 
the sample, and the sample is then contacted with the immobilized 20ql3 amplicon 
protein. In this case, the amount of anti-20ql3 amplicon protein antibody bound to the 
immobilized 20ql3 amplicon protein is inversely proportional to the amount of 20ql3 
5 amplicon protein present in the sample. Again the amount of immobilized antibody 
may be detected by detecting either the immobilized fraction of antibody or the 
fraction of the antibody that remains in solution. Detection may be direct where the 
antibody is labeled or indirect by the subsequent addition of a labeled moiety that 
specifically binds to the antibody as described above. 

10 3t Other Assay Formats 

In a particularly preferred embodiment, Western blot (immunoblot) 
analysis is used to detect and quantify the presence of 20ql3 amplicon protein in the 
sample. The technique generally comprises separating sample proteins by gel 
electrophoresis on the basis of molecular weight, transferring the separated proteins to 

15 a suitable solid support, (such as a nitrocellulose filter, a nylon filter, or derivatized 
nylon filter), and incubating the sample with the antibodies that specifically bind 
20ql3 amplicon protein. The anti-20ql3 amplicon protein antibodies specifically bind 
to 20ql3 amplicon protein on the solid support. These antibodies may be directly 
labeled or alternatively may be subsequently detected using labeled antibodies (e.g., 

20 labeled sheep anti-mouse antibodies) that specifically bind to the anti-20ql3 amplicon 
protein. 

Other assay formats include liposome immunoassays (LIA), which use 
liposomes designed to bind specific molecules (e.g., antibodies) and release 
encapsulated reagents or markers. The released chemicals are then detected according 
25 to standard techniques (see, Monroe et al. (1986) Amer. Clin. Prod. Rev. 5:34-41). 
D) Reduction of Non-Specific Binding. 

One of skill in the art will appreciate that it is often desirable to reduce 
non-specific binding in immunoassays. Particularly, where the assay involves an 
antigen or antibody immobilized on a solid substrate it is desirable to minimize the 
30 amount of non-specific binding to the substrate. Means of reducing such non-specific 
binding are well known to those of skill in the art. Typically, this involves coating 
the substrate with a proteinaceous composition. In particular, protein compositions 
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such as bovine serum albumin (BSA), nonfat powdered milk, and gelatin are widely 
used with powdered milk being most preferred, 
labels. 

The particular label or detectable group used in the assay is not a 
critical aspect of the invention, so long as it does not significantly interfere with the 
specific binding of the antibody used in the assay. The detectable group can be any 
material having a detectable physical or chemical property. Such detectable labels 
have been well-developed in the field of immunoassays and, in general, most any 
label useful in such methods can be applied to the present invention. Thus, a label is 
any composition detectable by spectroscopic, photochemical, biochemical, 
immunochemical, electrical, optical or chemical means. Useful labels in the present 
invention include magnetic beads (e.g. Dynabeads™), fluorescent dyes (e.g. , 
fluorescein isothiocyanate, texas red, rhodamine, and the like), radiolabels (e.g. , 3 H, 
i25j 35 S h c of 32p^ enzymes ? horse radish peroxidase, alkaline phosphatase 
and others commonly used in an EUSA), and colorimetric labels such as colloidal 
gold or colored glass or plastic (e.g. polystyrene, polypropylene, latex, etc.) beads. 

The label may be coupled directly or indirectly to the desired 
component of the assay according to methods well known in the art. As indicated 
above, a wide variety of labels may be used, with the choice of label depending on 
sensitivity required, ease of conjugation with the compound, stability requirements, 
available instrumentation, and disposal provisions. 

Non-radioactive labels are often attached by indirect means. Generally, 
a ligand molecule (e.g., biotin) is covalently bound to the molecule. The ligand then 
binds to an anti-ligand (e.g. , streptavidin) molecule which is either inherently 
detectable or covalently bound to a signal system, such as a detectable enzyme, a 
fluorescent compound, or a chemiluminescent compound. A number of ligands and 
anti-ligands can be used. Where a ligand has a natural anti-ligand, for example, 
biotin, thyroxine, and Cortisol, it can be used in conjunction with the labeled, 
naturally occurring anti-ligands. Alternatively, any haptenic or antigenic compound 
can be used in combination with an antibody. 
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The molecules can also be conjugated directly to signal generating 
compounds, e.g. , by conjugation with an enzyme or fluorophore. Enzymes of interest 
as labels will primarily be hydrolases, particularly phosphatases, esterases and 
glycosidases, or oxidoreductases, particularly peroxidases. Fluorescent compounds 

S include fluorescein and its derivatives, rhodamine and its derivatives, dansyl, 
umbelliferone t etc. Chemiluminescent compounds include luciferin, and 2,3- 
dihydiophthalazinediones, e.g., luminol. For a review of various labeling or signal 
producing systems which may be used, see, U.S. Patent No. 4,391,904). 

Means of detecting labels are well known to those of skill in the art. 

10 Thus, for example, where the label is a radioactive label, means for detection include 
a scintillation counter or photographic film as in autoradiography. Where the label is 
a fluorescent label, it may be detected by exciting the fluorochrome with the 
appropriate wavelength of light and detecting the resulting fluorescence. The 
fluorescence may be detected visually, by means of photographic film, by the use of 

15 electronic detectors such as charge coupled devices (CCDs) or photomultipliers and 
the like. Similarly, enzymatic labels may be detected by providing the appropriate 
substrates for the enzyme and detecting the resulting reaction product. Finally simple 
colorimetric labels may be detected simply by observing the color associated with the 
label. Thus, in various dipstick assays, conjugated gold often appears pink, while 

20 various conjugated beads appear the color of the bead. 

Some assay formats do not require the use of labeled components. For 
instance, agglutination assays can be used to detect the presence of the target 
antibodies. In this case, antigen-coated particles are agglutinated by samples 
comprising the target antibodies. In this format, none of the components need be 

25 labeled and the presence of the target antibody is detected by simple visual inspection. 
G) Substrates, 

As mentioned above, depending upon the assay, various components, 
including the antigen, target antibody, or anti-human antibody, may be bound to a 
solid surface. Many methods for immobilizing biomoiecules to a variety of solid 
30 surfaces are known in the art. For instance, the solid surface may be a membrane 

(e.g., nitrocellulose), a microtiter dish (e.g., PVC, polypropylene, or polystyrene), a 
test tube (glass or plastic), a dipstick (e.g. glass, PVC, polypropylene, polystyrene, 
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latex, and the like), a microcentrifuge tube, or a glass or plastic bead. The desired 
component may be covalently bound or noncovalently attached through nonspecific 
bonding. 

A wide variety of organic and inorganic polymers, both natural and 

5 synthetic may be employed as the material for the solid surface. Illustrative polymers 
include polyethylene, polypropylene, poly(4-methylbutene), polystyrene, 
polymethacrylate, poly(ethylene terephthalate), rayon, nylon, polyvinyl butyrate), 
polyvinylidene difluoride (PVDF), silicones, poly formaldehyde, cellulose, cellulose 
acetate, nitrocellulose, and the like. Other materials which may be employed, include 

10 paper, glasses, ceramics, metals, metalloids, semiconductive materials, cements or the 
like. In addition, are included substances that form gels, such as proteins (e.g. , 
gelatins), lipopolysaccharides, silicates, agarose and polyacrylamides can be used. 
Polymers which form several aqueous phases, such as dextrans, polyalkylene glycols 
or surfactants, such as phospholipids, long chain (12-24 carbon atoms) alkyl 

15 ammonium salts and the like are also suitable. Where the solid surface is porous, 
various pore sizes may be employed depending upon the nature of the system. 

In preparing the surface, a plurality of different materials may be 
employed, particularly as laminates, to obtain various properties. For example, 
protein coatings, such as gelatin can be used to avoid non-specific binding, simplify 

20 covalent conjugation, enhance signal detection or the like. 

If covalent bonding between a compound and the surface is desired, the 
surface will usually be polyfunctional or be capable of being polyfunctionalized. 
Functional groups which may be present on the surface and used for linking can 
include carboxylic acids, aldehydes, amino groups, cyano groups, ethylenic groups, 

25 hydroxyl groups, mercapto groups and the like. The manner of linking a wide variety 
of compounds to various surfaces is well known and is amply illustrated in the 
literature. See, for example, Immobilized Enzymes, Ichiro Chibata, Halsted Press, 
New York, 1978, and Cuatrecasas (1970) J, Biol Chem. 245 3059). 

In addition to covalent bonding, various methods for noncovalently 

30 binding an assay component can be used. Noncovalent binding is typically 

nonspecific absorption of a compound to the surface. Typically, the surface is 
blocked with a second compound to prevent nonspecific binding of labeled assay 
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components. Alternatively, the surface is designed such that it nonspecifically binds 
one component but does not significantly bind another. For example, a surface 
bearing a lectin such as Concanavalin A will bind a carbohydrate containing 
compound but not a labeled protein that lacks glycosylation. Various solid surfaces 

5 for use in noncovalent attachment of assay components are reviewed in U.S. Patent 
Nos. 4,447,576 and 4,254,082. 
Kits Containing 20ql3 Amplicon Probes, 

This invention also provides diagnostic kits for the detection of 
chromosomal abnormalities at 20ql3. In a preferred embodiment, the kits include one 

10 or more probes to the 20ql3 amplicon and/or antibodies to a 20ql3 amplicon (e.g. , 

anti-ZABCl or anti-lbl) described herein. The kits can additionally include blocking 
probes, instructional materials describing how to use the kit contents in detecting 
20ql3 amplicons. The kits may also include one or more of the following: various 
labels or labeling agents to facilitate the detection of the probes, reagents for the 

15 hybridization including buffers, a metaphase spread, bovine serum albumin (BSA) and 
other blocking agents, sampling devices including fine needles, swabs, aspirators and 
the like, positive and negative hybridization controls and so forth. 
Expression of cDN A clones 

One may express the desired polypeptides encoded by the cDNA clones 

20 disclosed here, or by subcloning cDNA portions of genomic sequences in a 

recombinantly engineered cell such as bacteria, yeast, insect (especially employing 
baculoviral vectors), or mammalian cell. It is expected that those of skill in the art 
are knowledgeable in the numerous expression systems available for expression of the 
cDNAs. No attempt to describe in detail the various methods known for the 

25 expression of proteins in prokaryotes or eukaryotes will be made. 

In brief summary, the expression of natural or synthetic nucleic acids 
encoding polypetides of the invention will typically be achieved by operably linking 
the DNA or cDNA to a promoter (which is either constitutive or inducible), followed 
by incorporation into an expression vector. The vectors can be suitable for replication 

30 and integration in either prokaryotes or eukaryotes. Typical expression vectors 

contain transcription and translation terminators, initiation sequences, and promoters 
useful for regulation of the expression of the DNA encoding the polypeptides. To 



SUBSTITUTE SHEET (RULE 26) 



WO 98/02539 



PCT/US97/12343 



45 

obtain high level expression of a cloned gene t it is desirable to constmct expression 
plasmids which contain, at the minimum, a strong promoter to direct transcription, a 
ribosome binding site for translational initiation, and a transcription/translation 
terminator. 

Examples of regulatory regions suitable for this purpose in £. coli are 
the promoter and operator region of the E. coli tryptophan biosynthetic pathway as 
described by Yanofsky, C, 1984, J. BacterioL, 158:1018-1024 and the leftward 
promoter of phage lambda (PJ as described by Herskowitz, I. and Hagen, D., 1980, 
Ann. Rev. Genet., 14:399-445. The inclusion of selection markers in DNA vectors 
transformed in £. coli is also useful. Examples of such markers include genes 
specifying resistance to ampicillin, tetracycline, or chloramphenicol. Expression 
systems are available using E. coli, Bacillus sp. (Palva, I et al., 1983, Gene 
22:229-235; Mosbach, K. et al Nature, 302:543-545 and Salmonella. £. coli 
systems are preferred. 

The polypeptides produced by prokaryote cells may not necessarily fold 
properly. During purification from E. coli, the expressed polypeptides may first be 
denatured and then renatured. This can be accomplished by solubilizing the 
bacterially produced proteins in a chaotropic agent such as guanidine HC1 and 
reducing all the cysteine residues with a reducing agent such as beta-mercaptoethanoL 
The polypeptides are then renatured, either by slow dialysis or by gel filtration. U.S. 
Patent No. 4,511,503. 

A variety of eukaryotic expression systems such as yeast, insect cell 
lines and mammalian cells, are known to those of skill in the art. As explained briefly 
below, the polypeptides may also be expressed in these eukaryotic systems. 

Synthesis of heterologous proteins in yeast is well known and 
described. Methods in Yeast Genetics, Sherman, F., et al., Cold Spring Harbor 
Laboratory, (1982) is a well recognized work describing the various methods available 
to produce the polypeptides in yeast. A number of yeast expression plasmids like 
YEp6, YEpl3, YEp4 can be used as vectors. A gene of interest can be fused to any 
of the promoters in various yeast vectors. The above-mentioned plasmids have been 
fully described in the literature (Botstein, et al , 1979, Gene, 8:17-24: Broach, et al. , 
1979, Gene, 8:121-133). 
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Illustrative of cell cultures useful for the production of the polypeptides 
are cells of insect or mammalian origin. Mammalian cell systems often will be in the 
form of monolayers of cells although mammalian cell suspensions may also be used. 
Illustrative examples of mammalian cell lines include VERO and HeLa cells, Chinese 
5 hamster ovary (CHO) cell lines, W138, BHK, Cos-7 or MDCK cell lines. 

As indicated above, the vector, e. g. , a plasmid, which is used to 
transform the host cell, preferably contains DNA sequences to initiate transcription 
and sequences to control the translation of the antigen gene sequence. These 
sequences are referred to as expression control sequences. When the host cell is of 

10 insect or mammalian origin illustrative expression control sequences are often 

obtained from the SV-40 promoter (Science, 222:524-527, 1983), the CMV I.E. 
Promoter (Proc. Natl. Acad. Sci. 81:659-663, 1984) or the metallothionein promoter 
(Nature 296:39-42, 1982). The cloning vector containing the expression control 
sequences is cleaved using restriction enzymes and adjusted in size as necessary or 

15 desirable and ligated with the desired DNA by means well known in the art. 

As with yeast, when higher animal host cells are employed, 
polyadenlyation or transcription terminator sequences from known mammalian genes 
need to be incorporated into the vector. An example of a terminator sequence is the 
polyadenlyation sequence from the bovine growth hormone gene. Sequences for 

20 accurate splicing of the transcript may also be included. An example of a splicing 
sequence is the VP1 intron from SV40 (Sprague, J. et al, 1983, J. Virol. 45: 
773-781). 

Additionally, gene sequences to control replication in the host cell may 
be incorporated into the vector such as those found in bovine papilloma virus 

25 type-vectors. Saveria-Campo, M., 1985, "Bovine Papilloma virus DNA a Eukaryotic 
Cloning Vector" in DNA Cloning Vol. II a Practical Approach Ed. D.M. Glover, 
IRL Press, Arlington, Virginia pp. 213-238. 
Therapeutic, and other uses of cDNAs and thei r gene products 

The cDNA sequences and the polypeptide products of the invention can 

30 be used to modulate the activity of the gene products of the endogenous genes 
corresponding to the cDNAs. By modulating activity of the gene products, 
pathological conditions associated with their expression or lack of expression can be 
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treated. Any of a number of techniques well known to those of skill in the art can be 

used for this purpose. 

The cDNAs of the invention are particularly used for the treatment of 
various cancers such as cancers of the breast, ovary, bladder, head and neck, and 
colon. Other diseases may also be treated with the sequences of the invention. For 
instance, as noted above, GCAP (SEQ. ID. No. 6) encodes a guanino cyclase 
activating protein which is involved in the biosynthesis of cyclic AMP. Mutations in 
genes involved in the biosynthesis of cyclic AMP are known to be associated with 
hereditary retinal degenerative diseases. These diseases are a group of inherited 
conditions in which progressive, bilateral degeneration of retinal structures leads to 
loss of retinal function. These diseases include age-related macular degeneration, a 
leading cause of visual impairment in the elderly; Leber's congenital amaurosis, 
which causes its victims to be born blind; and retinitis pigmentosa ("RP"), one of the 
most common forms of inherited blindness. RP is the name given to those inherited 
retinopathies which are characterized by loss of retinal photoreceptors (rods and 
cones), with retinal electrical responses to light flashes (i.e. eletroretinograms, or 
"ERGs") that are reduced in amplitude. 

The mechanism of retinal photoreceptor loss or cell death in different 
retinal degenerations is not fully understood. Mutations in a number of different 
genes have been identified as the primary genetic lesion in different forms of human 
RP. Affected genes include rhodopsin, the alpha and beta subunits of cGMP 
photodiesteiase, and peripherin-RDS (Dryja, T. P. et al., Invest. Ophthalmol Vis. 
Sci. 36, 1 197-1200 (1995)). In all cases the manifestations of the disorder regardless 
of the specific primary genetic mutation is similar, resulting in photoreceptor cell 
degeneration and blindness. 

Studies on animal models of retinal degeneration have been the focus of 
many laboratories during the last decade. The mechanisms that are altered in some of 
the mutations leading to blindness have been elucidated. This would include the 
inherited disorders of the rd mouse. The rd gene encodes the beta subunit of cGMP- 
phosphodiesterase (PDE) (Bowes, C. et al., Nature 347, 677-680 (1990)), an enzyme 
of fundamental importance in normal visual function because it is a key component in 
the cascade of events that takes place in phototransduction. 
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The polypeptides encoded by the cDNAs of the invention can be used 
as immunogens to raise antibodies either polyclonal or monoclonal. The antibodies 
can be used to detect the polypeptides for diagnostic purposes, as therapeutic agents to 
inhibit the polypeptides, or as targeting moieties in immunotoxins. The production of 

5 monoclonal antibodies against a desired antigen is well known to those of skill in the 
art and is not reviewed in detail here. 

Those skilled in the an recognize that there are many methods for 
production and manipulation of various immunoglobulin molecules. As used herein, 
the terms "immunoglobulin' 1 and "antibody" refer to a protein consisting of one or 

10 more polypeptides substantially encoded by immunoglobulin genes. Immunoglobulins 
may exist in a variety of forms besides antibodies, including for example, Fv, Fab, 
and F(ab) 2 , as well as in single chains. To raise monoclonal antibodies, 
antibody-producing cells obtained from immunized animals {e.g. , mice) are 
immortalized and screened, or screened first for the production of the desired antibody 

15 and then immortalized. For a discussion of general procedures of monoclonal 

antibody production see Harlow and Lane, Antibodies, A Laboratory Manual Cold 
Spring Harbor Publications, N. Y. (1988). 

The antibodies raised by these techniques can be used in 
immunodiagnostic assays to detect or quantify the expression of gene products from 

20 the nucleic acids disclosed here. For instance, labeled monoclonal antibodies to 

polypeptides of the invention can be used to detect expression levels in a biological 
sample. For a review of the general procedures in diagnostic immunoassays, see 
Basic and Clinical Immunology 7th Edition D. Stites and A. Terr ed. (1991). 

The polynucleotides of the invention are particularly useful for gene 

25 therapy techniques well known to those skilled in the art. Gene therapy as used 

herein refers to the multitude of techniques by which gene expression may be altered 
in cells. Such methods include, for instance, introduction of DNA encoding 
ribozymes or antisense nucleic acids to inhibit expression as well as introduction of 
functional wild-type genes to replace mutant genes (e.g. , using wild-type GCAP genes 

30 to treat retinal degeneration). A number of suitable viral vectors are known. Such 

vectors include retroviral vectors (see Miller, Curr. Top. Microbiol. Immunol. 158: 1- 
24 (1992); Salmons and Gunzburg, Human Gene Therapy 4: 129-141 (1993); Miller 
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et aL, Methods in Enzymology 217: 581-599, (1994)) and adeno-associated vectors 
(reviewed in Carter, Curr. Opinion Biotech. 3: 533-539 (1992); Muzcyzka, Curr. 
Top. Microbiol. Immunol. 158: 97-129 (1992)). Other viral vectors that may be used 
within the methods include adenoviral vectors, herpes viral vectors and Sindbis viral 

5 vectors, as generally described in, e.g., Jolly, Cancer Gene Therapy 1:51-64 (1994); 
Latchman, Molec. BiotechnoL 2:179-195 (1994); and Johanning et aL, Nucl. Acids 
Res. 23:1495-1501 (1995). 

Delivery of nucleic acids linked to a heterologous promoter-enhancer 
element via liposomes is also known (see, e.g., Brigham, et aL (1989) Am. J. Med. 

10 Sci., 298:278-281; Nabel, et aL (1990) Science, 249:1285-1288; Hazinski, et aL 
(1991) Am. J. Resp. Cell Molec. Biol., 4:206-209; and Wang and Huang (1987) 
Proc. Natl. Acad. Sci. (USA), 84:7851-7855); coupled to ligand-specific, cation-based 
transport systems (Wu and Wu (1988) /. Biol. Chem. 9 263:14621-14624). Naked 
DNA expression vectors have also been described (Nabel et aL (1990), supra); Wolff 

15 et al. (1990) Science, 247:1465-1468). 

The nucleic acids and encoded polypeptides of the invention can be 
used directedly to inhibit the endogenous genes or their gene products. For instance, 
Inhibitory nucleic acids may be used to specifically bind to a complementary nucleic 
acid sequence. By binding to the appropriate target sequence, an RNA-RNA, a 

20 DNA-DNA, or RNA-DNA duplex is formed. These nucleic acids are often termed 
"antisense" because they are usually complementary to the sense or coding strand of 
the gene, although approaches for use of "sense" nucleic acids have also been 
developed. The term "inhibitory nucleic acids" as used herein, refers to both "sense" 
and "antisense" nucleic acids. Inhibitory nucleic acid methods encompass a number 

25 of different approaches to altering expression of specific genes that operate by 
different mechanisms. 

In brief, inhibitory nucleic acid therapy approaches can be classified 
into those that target DNA sequences, those that target RNA sequences (including pre- 
mRNA and mRNA), those that target proteins (sense strand approaches), and those 

30 that cause cleavage or chemical modification of the target nucleic acids (ribozymes). 

These different types of inhibitory nucleic acid technology are described, for instance, 
in Helene, C. and Toulme, J. (1990) Biochim. Biophys. Acta., 1049:99-125. 
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Inhibitory nucleic acid complementary to regions of c-myc mRNA has been shown to 
inhibit c-myc protein expression in a human promyelocytic leukemia cell line, HL60, 
which ovenexpresses the c-myc protoncogene. See Wickstrom E.L., et al , (1988) 
PNAS (USA), 85:1028-1032 and Harel-Bellan, A., etal, (1988) Exp. Med., 
5 168:2309-2318. 

The encoded polypeptides of the invention can also be used to design 
molecules (peptidic or nonpeptidic) that inhibit the endogenous proteins by, for 
instance, inhibiting interaction between the protein and a second molecule specifically 
recognized by the protein. Methods for designing such molecules are well known to 

10 those skilled in the art. 

For instance, polypeptides can be designed which have sequence 
identity with the encoded proteins or may comprise modifications (conservative or 
non-conservative) of the sequences. The modifications can be selected, for example, 
to alter their in vivo stability. For instance, inclusion of one or more D-amino acids 

15 in the peptide typically increases stability, particularly if the D-amino acid residues 
are substituted at one or both termini of the peptide sequence. 

The polypeptides can also be modified by linkage to other molecules. 
For example, different N- or C-terminal groups may be introduced to alter the 
molecule's physical and/or chemical properties. Such alterations may be utilized to 

20 affect, for example, adhesion, stability, bio-availability, localization or detection of 
the molecules. For diagnostic purposes, a wide variety of labels may be linked 

to the terminus, which may provide, directly or indirectly, a detectable signal. Thus, 
the polypeptides may be modified in a variety of ways for a variety of end purposes 
while still retaining biological activity. 
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EXAMPLES 

The following examples are offered to illustrate, but not to limit the 
present invention. 

Example 1 

PROGNOSTIC IMPLICAT IONS OF AMPLIFICATION OF CHROMOSOMAL 

RFGION 20nl3 IN BREAST CANCER 
Patients an d himor material. 

Tumor samples were obtained from 152 women who underwent surgery 
for breast cancer between 1987 and 1992 at the Tampere University or City Hospitals. 
One hundred and forty-two samples were from primary breast carcinomas and 1 1 
from metastatic tumors. Specimens from both the primary tumor and a local 
metastasis were available from one patient. Ten of the primary tumors that were 
either in situ or mucinous carcinomas were excluded from the material, since the 
specimens were considered inadequate for FISH studies. Of the remaining 132 
primary tumors, 128 were invasion ductal and 4 lobular carcinomas. The age of the 
patients ranged from 29 to 92 years (mean 61). Clinical follow-up was available from 
129 patients. Median follow-up period was 45 months (range 1.4-1.77 months). 
Radiation therapy was given to 77 of the 129 patients (51 patients with positive and 26 
with negative lymph nodes), and systemic adjuvant therapy to 36 patients (33 with 
endocrine and 3 with cytotoxic chemotherapy). Primary tumor size and axillary node 
involvement were determined according to the tumor-node metastasis (TNM) 
classification. The histopathological diagnosis was evaluated according to the World 
Health Organization (11). The carcinomas were graded on the basis of the tubular 
arrangement of cancer cells, nuclear atypia, and frequency of mitotic or 
hyperchromatic nuclear figures according to Bloom and Richardson, Br. J. Cancer, 
11: 359-377 (1957). 

Surgical biopsy specimens were frozen at -70 °C within 15 minutes of 
removal. Cryostat sections (5-6 ^ni) were prepared for intraoperative 
histopathological diagnosis, and additional thin sections were cut for 
immunohistochemical studies. One adjacent 200 fitn thick section was cut for DNA 
flow cytometric and FISH studies. 
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Cell preparation for FISH 

After histological verification that the biopsy specimens contained a 
high proportion of tumor cells, nuclei were isolated from 200 fitn frozen sections 
according to a modified Vindelov procedure for DNA flow cytometry, fixed and 
5 dropped on slides for FISH analysis as described by Hyytinen et aL, Cytometry 16: 
93-99 (1994). Foreskin fibroblasts were used as negative controls in amplification 
studies and were prepared by harvesting cells at confluency to obtain Gl phase 
enriched interphase nuclei. All samples were fixed in methanol-acetic-acid (3:1). 
Probes . 

10 Five probes mapping to the 20ql3 region were used ( see Stokke, et 

aL, Genomics, 26: 134-137 (1995)). The probes included Pl-clones for 
melanocortLn-3 -receptor (probe MC3R, fractional length from p-arm telomere (Flpter 
0.81) and phosphoenolpyruvate carboxy kinase (PCK, Flpter 0.84), as well as 
anonymous cosmid clones RMC20C026 (Flpter 0.79). In addition, RMC20C001 

15 (Flpter 0.825) and RMC20C030 (Flpter 0.85) were used. Probe RMC20C001 was 
previously shown to define the region of maximum amplification (Tanner et aL , 
Cancer Res, 54: 4257-4260 (1994)). One cosmid probe mapping to the proximal 
p-arm, RMC20C038 (FLpter 0.237) was used as a chromosome-specific reference 
probe. Test probes were labeled with biotin-14-dATP and the reference probe with 

20 digoxigenin-1 1-dUTP using nick translation (Kallioniemi et aL t Proc. Natl Acad Sci 
USA, 89: 5321-5325 (1992)). 
Fluorescenc e in situ hybridization . 

Two-color FISH was performed using biotin-labeled 20ql3-specific 
probes and digoxigenin-labelled 20p reference probe essentially as described (Id.). 

25 Tumor samples were postfixed in 4% paraformaldtheyde/phosphate-buffered saline for 
5 min at 4 C prior to hybridization, dehydrated in 70%, 85% and 100% ethanol, air 
dried, and incubated for 30 min at 80° C. Slides were denatured in a 70% 
formamide/2x standard saline citrate solution at 72-74°C for 3 min, followed by a 
proteinase K digestion (0.5 /xg/ml). The hybridization mixture contained 18 ng of 

30 each of the labeled probes and 10 fig human placental DNA. After hybridization, the 
probes were detected immunochemically with avidin-FITC and anti-digoxigenin 
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Rhodamine. Slides were countersiained with 0.2 4,6-diamidino-2-phenylindole 
(DAPI) in an antifade solution, 

Fluorescence microscopy and scoring of signals in interphase nuclei. 

A Nikon fluorescence microscope equipped with double band-bass 
5 filters (Chromatechnology, Brattleboro, Vermont, USA) and 63 x objective (NA 1.3) 
was used for simultaneous visualization of FTTC and Rhodamine signals. At least 50 
non-overlapping nuclei with intact morphology based on the DAPI counterstaining 
were scored to determine the number of test and reference probe hybridization signals. 
Leukocytes infiltrating the tumor were excluded from analysis. Control hybridizations 

10 to normal fibroblast interphase nuclei were done to ascertain that the probes 

recognized a single copy target and that the hybridization efficiencies of the test and 
reference probes were similar. 

The scoring results were expressed both as the mean number of 
hybridization signals per cell and as mean level of amplification (= mean of number 

15 of signals relative to the number of reference probe signals). 
DNA flow cytometry and steroid receptor analyses. 

DNA flow cytometry was performed from frozen 200 sections as 
described by Kallioniemi, Cytometry 9: 164-169 (1988). Analysis was carried out 
using an EPICS C flow cytometer (Coulter Electronics Inc., Hialeah, Forida, USA) 

20 and the MultiCycle program (Phoenix Flow Systems, San Diego, California, USA). 
DNA- index over 1.07 (in over 20% of cells) was used as a criterion for DNA 
aneuploidy. In DNA aneuploid histograms, the S-phase was analyzed only from the 
aneuploid clone. Cell cycle evaluation was successful in 86% (108/126) of the 
tumors. 

25 Estrogen (ER) and progesterone (PR) receptors were detected 

immunohistochemically. from cryostat sections as previously described (17). The 
staining results were semiquantitatively evaluated and a histoscore greater than or 
equal to 100 was considered positive for both ER and PR (17). 
Statistical Methods. 

30 Contingency tables were analyzed with Chi square test for trend. 

Association between S-phase fraction (continuous variable) and 20ql3 amplification 
was analyzed with Kruskal-Wallis test. Analysis of disease-free survival was 
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performed using the BMDPIL program and Mautel-Cox test and Cox's proportional 
hazards model (BMDP2L program) was used in multivariate regression analysis 
(Dixon BMDP Statistical Software. London, Berkeley, Los Angeles: University of 
California Press, (1981)). 
5 Amplification of 20q l3 in primary breast carcinomas hy fluorescence in situ 

hybridization 

The minimal region probe RMC20C001 was used in FISH analysis to 
assess the 20ql3 amplification. FISH was used to analyze both the total number of 
signals in individual tumor cells and to determine the mean level of amplification 

10 (mean copy number with the RMC20C001 probe relative to a 20p-reference probe). 
In addition, the distribution of the number of signals in the tumor nuclei was also 
assessed. Tumors were classified into three categories: no. low and high level of 
amplification. Tumors classified as not amplified showed less than 1.5 than 1.5 
fold-copy number of the RMC20C001 as compared to the p-arm control. Those 

15 classified as having low-level amplification had 1.5-3-fold average level of 

amplification. Tumors showing over 3-fold average level of amplification were 
classified as highly amplified. 

The highly amplified tumors often showed extensive intratumor 
heterogeneity with up to 40 signals in individual tumor cells. In highly amplified 

20 tumors, the RMC20C001 probe signals were always arranged in clusters by FISH, 
which indicates location of the amplified DNA sequences in close proximity to one 
another e.g. in a tandem array. Low level 20ql3 amplification was found in 29 of the 
132 primary tumors (22%), whereas nine cases (6.8%) showed high level 
amplification. The overall prevalence of increased copy number in 20ql3 was thus 

25 29% (38/132). 

Defining the minimal region of amplification. 

The average copy number of four probes flanking RMC20C001 was 
determined in the nine highly amplified tumors. The flanking probes tested were 
malanocortin-3-receptor (MC3R, FLpter 0.81), phosphoenolpynivate caiboxykinase 

30 (PCK, 0.84), RMC20C026 (0.79) and RMC20C030 (0.85). The amplicon size and 
location varied slightly from one tumor to another but RMC20C001 was the only 
probe consistently highly amplified in all nine cases. 
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Association nf 20gi3 am plification with pathological and biolopical features. 

The 20ql3 amplification was significantly associated with high 
histologic grade of the tumors (p=0.01). This correlation was seen both in 
moderately and highly amplified tumors (Table 4). Amplification of 20ql3 was also 
significantly associated with aneuploidy as determined by DNA flow cytometry 
(p=0.01 , Table 4) The mean cell proliferation activity, measured as the percentage 
of cells in the S-phase fraction, increased (p =0.0085 by Kruskal-Wallis test) with the 
level of amplification in tumors with no, low and high levels of amplification (Table 
4). No association was found with the age of the patient, primary tumor size, axillary 
nodal or steroid hormone-receptor status (Table 4). 
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Table 4. Clinicopathological correlations of amplification at chromosomal region 

20ql3 in 132 primary breast cancers. 

Pathobiologic 20ql3 amplification status p-value 1 

feature 

5 NO LOW LEVEL HIGH LEVEL 



Number of Number of Number of 

latients (%) patients (%) patients (%) 





All primary 
tumors 


94 


(71%) 


29 


(22%) 


9 


(6. 


8%) 




10 


Age of patients 
< 50 years 
2. 50 years 


17 
77 


(65%) 
(73%) 


6 

23 


(23%) 
(22%) 


3 
6 


(12%) 
(5.7%) 


. 39 




Tumor size 
< 2 cm 
> 2 cm 


33 
58 


(79%) 
(67%) 


7 

22 


(17%) 
(25%) 


2 
7 


(4. 
(8. 


8%) 
0%) 


.16 


15 


Nodal status 
Negative 
Positive 


49 
41 


(67%) 
(75%) 


19 
10 


(26%) 
(18%) 


5 
4 


(6. 
(7. 


8%) 
3%) 


.41 




Histologic grade 
I - II 
III 


72 
16 


(76%) 
(52%) 


18 
11 


(19%) 
(35%) 


5 
4 


(5.3%) 
(13%) 


n i 


20 


Estrogen 
receptor status 

Negative 

Positive 


30 
59 


(67%) 
(72%) 


10 
19 


(22%) 
(23%) 


5 
4 


(11%) 
(4.9%) 


.42 


25 


Progesterone 
receptor status 

Negative 

Positive 


57 
32 


(69%) 
(74%) 


20 
8 


(24%) 
(19%) 


6 
3 


(7. 
(7. 


,2%) 
,0%) 


.53 


30 


DNA ploidy 
Diploid 
Aneuploid 


45 
44 


(82%) 
(62%) 


8 (14.5%) 
20 (28%) 


2 
7 


(3.6%) 
(10%) 


.01 




S -phase fraction 
(%) 


mean + SD 
9.9 ± 7.2 


mean + SD 
12 .6 ± 6.7 


mean 
19.0 ± 


t SD 

10.5 


.0085 1 



Kruskal-Wallis Test. 



Relationship between 20q13 amplification and disease-fre e survival. 

35 Disease- free survival of patients with high-level 20ql3 amplification 

was significantly shorter than for patients with no or only low-level amplification 
(p-0.04). Disease-free survival of patients with moderately amplified tumors did not 
differ significantly from that of patients with no amplification. Among the 
node-negative patients (n=79), high level 20ql3 amplification was a highly significant 

40 prognostic factor for shorter disease-free survival (p= 0.002), even in multivariate 
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Cox's regression analysis (p=0.026) after adjustment for tumor size ER, PR grade, 
ploidy and S-phase fraction. 

20ql3 amplifica tion in metastatic breast tumors 

Two of 1 1 metastatic breast tumors had low level and one high level 
5 20ql3 amplification. Thus, the overall prevalence (27%) of increased 20ql3 copy 
number in metastatic tumors was a similar to that observed in the primary tumors. 
Both a primary and a metastatic tumor specimens were available from one of the 
patients. This 29-year old patient developed a pectoral muscle infiltrating metastasis 
eight months after total mastectomy. The patient did not receive adjuvant or radiation 

10 therapy after mastectomy. The majority of tumor cells in the primary tumor showed a 
low level amplification, although individual tumor cells (less than 5 % of total) 
contained 8-20 copies per cell by FISH. In contrast, all tumor cells from metastasis 
showed high level 20ql3 amplification (12-50 copies per cell). The absolute copy 
number of the reference probe remained the same suggesting that high level 

15 amplification was not a result of an increased degree of aneuploidy. 
Diagnostic and Prognostic Value of the 20ql3 Amplification. 

The present findings suggest that the newly-discovered 20ql3 
amplification may be an important component of the genetic progression pathway of 
certain breast carcinomas. Specifically, the foregoing experiments establish that: 1) 

20 High-level 20ql3 amplification, detected in 1% of the tumors, was significantly 

associated with decreased disease-free survival in node-negative breast cancer patients, 
as well as with indirect indicators of high-malignant potential, such as high grade and 
S-phase fraction. 2) Low-level amplification, which was much more common, was 
also associated with clinicopathological features of aggressive tumors, but was not 

25 prognostically significant. 3) The level of amplification of RMC20C001 remains 
higher than amplification of nearby candidate genes and loci indicating that a novel 
oncogene is located in the vicinity of RMC20C001. 

High-level 20ql3 amplification was defined by the presence of more 
than 3-fold higher copy number of the 20ql3 amplification is somewhat lower than 

30 the amplification frequencies reported for some of the other breast cancer oncogenes, 
such as ERBB2 (17ql2) and Cyclin-D (1 lql3) (Borg et al. , Oncogene, 6: 137-143 
(1991), Van de Vijver ei al Adv. Cane. Res., 61: 25-56 (1993)). However, similar 
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to what has been previously found with these other oncogenes (Swab, ex aL , Genes 
Chrom. Cane, 1: 181-193 (1990), Borg etal, supra.), high-level 20ql3 
amplification was more common in tumors with high grade or high S -phase fraction 
and in cases with poor prognosis. Although only a small number of node-negative 
5 patients was analyzed, our results suggest that 20ql3 amplification might have 

independent role as a prognostic indicator. Studies to address this question in large 
patient materials are warranted. Moreover, based on these survival correlations, the 
currently unknown, putative oncogene amplified in this locus may confer an 
aggressive phenotype. Thus, cloning of this gene is an important goal. Based on the 

10 association of amplification with highly proliferative tumors one could hypothesize a 
role for this gene in the growth regulation of the cell. 

The role of the low-level 20ql3 amplification as a significant event in 
tumor progression appears less clear. Low-level amplification was defined as 
1.5-3-fold increased average copy number of the 20ql3 probe relative to the p-arm 

15 control. In addition, these tumors characteristically lacked individual tumor cells with 
very high copy numbers, and showed a scattered, not clustered, appearance of the 
signals. Accurate distinction between high and low level 20ql3 amplification can 
only be reliably done by FISH, whereas Southern and slot blot analyses are likely to 
be able to detect only high-level amplification, in which substantial elevation of the 

20 average gene copy number takes place. This distinction is important, because only the 
high amplified tumors were associated with adverse clinical outcome. Tumors with 
low-level 20ql3 amplification appeared to have many clinicopathological features that 
were in between of those found for tumors with no and those with high level 
amplification. For example, the average tumor S -phase fraction was lowest in the 

25 non-amplified tumors and highest in the highly amplified tumors. One possibility is 
that low-level amplification precedes the development of high level amplification. 
This has been shown to be the case, e.g. , in the development of drug resistance-gene 
amplification in vitro (Stark, Adv. Cane. Res., 61: 87-113 (1993)). Evidence 
supporting this hypothesis was found in one of our patients, whose local metastasis 

30 contained a much higher level of 20ql3 amplification than the primary tumor operated 
8 months earlier. 
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Finally, our previous paper reported a 1.5 Mb critical region defined 
by RMC20C001 probe and exclusion of candidate genes in breast cancer cell lines and 
in a limited number of primary breast tumors. Results of the present study confirm 
these findings by showing conclusively in a larger set of primary tumors that the 
critical region of amplification is indeed defined by this probe. 

The present data thus suggest that the high-level 20ql3 amplification 
may be a significant step in the progression of certain breast tumors to a more 
malignant phenotype. The clinical and prognostic implications of 20ql3 amplification 
are striking and location of the minimal region of amplification at 20ql3 has now been 
defined. 

It is understood that the examples and embodiments described herein 
are for illustrative purposes only and that various modifications or changes in light 
thereof will be suggested to persons skilled in the art and are to be included within the 
spirit and purview of this application and scope of the appended claims. All 
publications, patents, and patent applications cited herein are hereby incorporated by 
reference for all purposes. 

Discussion of the Acc ompanying Sequence Listing 

SEQ ID NOs: 1-10 and 12-13 provide nucleic acid sequences. In each 
case, the information is presented as a DNA sequence. One of skill will readily 
understand that the sequence also describes the corresponding RNA (i.e. , by 
substitution of the T residues with U residues) and a variety of conservatively 
modified variations thereof. The complementary sequence is fully described by 
comparison to the existing sequence, i.e., the complementary sequence is obtained by 
using standard base pairing rules for DNA (e.g., A to T, C to G). In addition, the 
nucleic acid sequence provides the corresponding amino acid sequence by translating 
the given DNA sequence using the genetic code. 

For SEQ ID NO 1 1 , the information is presented as a polypeptide 
sequence. One of skill will readily understand that the sequence also describes all of 
the corresponding RNA and DNA sequences which encode the polypeptide, by 
conversion of the amino acid sequence into the corresponding nucleotide sequence 
using the genetic code, by alternately assigning each possible codon in each possible 
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codon position. Simlarly, each nucleic acid sequence which is provided also 
inherently provides all of the nucleic acids which encode the same protein, since one 
of skill simply translates a selected nucleic acid into a protein and then uses the 
genetic code to reverse translate all possible nucleic acids from the amino acid 
5 sequence. 

The sequences also provide a variety of conservatively modified 
variations by substituting appropriate residues with the exemplar conservative amino 
acid substitutions provided, e.g., in the Definitions section above. 
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SEQUENCE LISTING 

SEQ. ID, No. 1 
3bf4 3000 bp 

CCGCCGGCCGGGGCGCCTGGCTGCACTCAGCGCCGGAC^CG^ 
CCAAGCAAGTGAAGATCTTAAAGAGATC^^ 
ATGAGCAACTTGTGATTGGATCATATAGTCAGCC^^ 
TTGGAGXSACAAACAACCATGCTATATATTAT 

ATGGTC TCCAGATCATTC TCATGTTC GTCAAAAAATGT TGTATGCAGCAACAAGAGCAAC TCTGAAGAAGGAAT TTGGAG 

GTGGCCACATTAAAGATGJUUnMT^^ 

CAATCTTCCCCTGCCCCACTGACTGCAK^ 

TCTGGACAC1JACCATCAAACACTACAAGGJU5TAGCAOT 

ATAATAGACAGCTCAACTATGTGCAGTTGGAXA^ 

GAACTGAAAGATTTGCCAAAGAGGATTCCCAAGCATTCAGCTC 

AGACTATTTA£^TCCATAGTTTTTATTTATTCAA 

GCTCCJ^GJ^CGTCrrGCTAGAAATTGXAGaUU^ 

GATGAGTTGACTGCAGACTTCCTTSAT^^ 

ACCTCCTCCAGGJJU^AGACSGAATTCG^ 

ACATTAXXCATTGTAATACTWSTTTTTTAAAAG^ 

AGTAGGGAAAAAAATTGTACTTTTTGGAAAATAGCACTT^^ 

CATGATTTCTATTTTTGAGTTAAAGCTAGAAAAG^ 

ATTCCACACTTCAAATACTTCTTAAAATTTTATACAGTTGGGjC cagttctagaaagtctgatgtctcaaagggtaaac t t 
ACTACTTTCTTGTGGGACAGAAAGACCTTAAAATATTCAT^^ 
TCTAAGCTGGAAACTTAGTGTGCCTTGGAAAAGCCGCAAGTTGCTTA^ 
AGGATCATGTCTGCAACTTTTAGAAATAGTGC 

AAATTGCAGATCAGCTCACTC TGAAACTTTAAGGGTAC CAGATATTTTCTATACTGCAGGATTTC T GATGACAT TGAAAG 
ACTTTAAACAGCCTTAGTAAATTATCTTTCTAATGCTCTGTGAGGCCAA 

TATCATTCAAAAGGAAACAAAAAATG TTGAG TTTTAAAAATCAGGATTGAC TTTT TTC TC CAAAAC CATACATTTATGGG 

CAAATTGTGTTCTTTATCACTTCCGAGCAAATACTCAGATTTAAAATTACTT^ 

TAGATAAACACCTTAATAATCTCAGTTAATACTG 

TTACAACCTAGAGAGATTTTGAGCC TCATATTTCTTTGATACTTGAAATAGAGGGAGCTAGAACACT TAATGTTTAATCT 

GTTAAACCTGCTGCAAGAGCCATAACTTTGAGGCATT^ 

CTAAACTTTATGCTGCATAAATCACTTATCGGAAATGCACATTTCATAGTC 

TAAGGTAATATATGCACC TTTCAGAAATT TG TGTTC GAGTAAGTAAAGCATATTAGAATAATTGTGGGT TGACAGATTTT 
TAAAATWSAATTTAGAGTATT^^ 

ACAATAATGTTGCAC TTG TTT ACTAAAGATATAAGTTGTTC CATGGGTGTACAC GTAGACAGACACACATACAC C CAAAT 
TATTGCATTAAGAATCCTGGAGCAGAC CATAGCTGAAGC TGTTAT TTTCAGTCAGGAAGACTACCTGTCATGAAGGTATA 
AAATAATTTAGAAGTGAATGTTTTTCTGTACCATCTATGTG^ 
ATGGACATTCCMAATATAGATGTGATTAT^ 

CATTTGTTATAGAG T ATAAC TCATCGT TTACAGTATGTTT TAGTTGGCAGTATCATACC TAGATGGTGAATAACATAT T C 

CCAGTAAATTTATATAGCAGTGAAGAATTACATGCCTTCT^ 

TTTTTTCTCTTTAAAAAAAAAAAAGAAGAAAAAAAAAAAA 



SEQ. ID. No. 2 
lbll 723 bp 

TGGAAGCTGTCATGGTTACCGTCTC TAACGTTGGACTCTTAAGAAAATGATTATTCCTSSGTTTCl^GACaWSGCC^AATGT 
AATTCACCTACGTGGCAGATTAAAGAGGTGGGCTTACT^ 
AAAAAGGJ^CTCTTATCCGTTCTTCCCCTTGGGGAAGGGCTTTTGC 
ATTGGTGCGTTGTACAACATAAGCATTACTTCTC 

AC TATCTGGACAGGGGGGCAGCAAGGAC CCCACTTTGTAAAACATGTTTTGGGGGAATGTTTTGTTTTTCATTTTCTTAT 

TACCTGGCAAAATAATCCAGGTGGTCTGTGAGTCaUX^ 

ACAGTG<SACCTCAACGAAGGAGATGCTGCACCTGAACCCACWGAAGCGA 

CTCTCTGATGRCGTTTCTCAGACAAATGGTAAGCCCCT 

GGGAAC^TGGGCTCATGCCACAGGTMTAGGAG^ 

GCG 



SEQ. ID. No. 3 

cc49 1507 bp ^_ 

GCAGGTTGC TGGGATTGAC TTC TTGC TCAATTGAAACAC TCAT TCAATG<i?WGACAAAGAGCACTAATGCTTTGTGCTGAT 

TCATATTTGAATCGAGGCATTGGGAACCCTGTATGCCTTGOT 

AAAGTTCGAAGAAGTTAGAGGACTATACACTTTC TTTTGAACT 

ACTGTTAGAGGGTGAGTGACAGGTCTTACAGTGGCCTTAATC CAACTCCAGAAAT TGCC CAACGGAACTTTGAGATTATA 

XGCAATCGAAAGTGACAGGAAACATGCCAACTCAATCCCTC 

TTGCCMTCCGATGGAGATGGAGATGCCTTGTCAATGAAA^ 

ATGTCAATCCGAATCGAGGGGAATATGCCCTTGGATTGCATGTTCTGCAGCCAGACCT 
TAAACATGTCTTAATGCAACACCGGCCTACCCTC^ 
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tt^taaaagtc^gtgcgaacagaacctcccj^^ 

cagacatttagagtcgcttttguitgttgagatc^ 

cggju^gaagattcjuusgju^ctttctttcttju^ 

tgcagcaaggcttggagagtagtccagcaacgatcaacgaggtc 

tgcaaaatctgcatggtttgtggcttcctatttccaaataa;^^ 

aactgctttcggtaccagcagcgcgxiagacagactctc 

tgttcaacttgagj^caaaatctca^ 



CACCGACAACGACGATTCGAGTTCCGAGAAGGAGC TTGGAG^^ 

aagjusaagtgcaaacjuttcccacggcgaagcgccctccgt^^ 
actcactgctccgactgcgccaaa^tttcagaacctaccaccagctg^ 



SEQ. ID. No. 4 
cc43 2605 bp 



CAAGCTCGAAATTAXCCCTCACTAAAGGGAACAAA^ 
CCCCCGGGCTGCAGGAATTCGGCACGaurcTGGGCTA^ 



CTGCCGCCT(X^uC^ACACTCCAGC^ 
GAAJU^TTCCTGTGGAGTCGATCCJU^TTCTATTAG^ 
AAGTCCJUSCTTCCTGATCATGTGGCGGAGGCCAG^^ 
GAACAACTCCGTCTTTACCCTGTATGJUUrrOACT^ 

CCACTCTACTGCGGGCTCTGCAGGCCCTACAGCAGGAGCACAAGG GATGGCCGA6GCGTC 

TGTCCCCCAAAGACTGGATCTGTGACTCC^UrCAGACTCA 

TCTCACACCCCATATGTCTCTCCCTT^ 

CCTCCTTTCCCATCCTAGACTGTCCTTGAGCCAGGGTCT 

TACACAGATGCGCCTGCAGCACATGCTTCTGTCTCCTCCTC 

TGCTGCTCGATCCTTCCTAGGGGATGGGGGAAGCCCTG^ 

CGGGCCTGXSCMTGUUlAGGTGTGGCCCCatf^^ 

CTGAGAC TAGTTCTCTCTCTCTCGAGAAC TAGTC TCGA GTTTTTTTT T w l u I w l w X"lU"IT , l w rr TTTT TT T TTTT i r , r'l , , r TTTT TG 

GCTTTAAGGATTTATTTATTGTTTCCTCTTTACAGTGTCCACTTTTC TCTACTTAATACTACTTTCCAGTCTCAGAAGCC 

CXGAGGGAAAAAXAAAAGACCATXaATCTTCCTCTCCC^^ 

CTGAAAAAAGTTGACTGAAACTCCJJU^aUUIXTGCC^ 

AGATAAAGJUU^GTCTCXAGTTTTTGTEACJW^ 

ATAATGTAATTTTTTCAG TTTC TGGTTTATAAC TCTC TCGATCTCAGAGT TGACTGATTAAAACACCTACTCATGCAACA 

OAGAATAAXGCACTCATATTTTTATAAATTATA^^ 

TGGACTAAAGCAATAATTATTOTATTC 

AACTGCTTCCTGCCTCAGGACCAGATATTTTGGGACTTC^^ 

TAGTTTTATCCAACACTTCAGATCCTGCCGTAAAAACTCT^ 

CATACTCACCAGCAGACATGTAGACTAGATT^ 

CATTATAATATTTTTATTATGTGTGTGAATGTCTGC^ 

GATCCTTCCAATTTTGATCACCACTTAGTACAGTA^ 

AATTGTTTTGCTAGTAAAGTCTGGGGGAACCCAGGTCAGA 

TAGTGTTACTCAAGAAAGGGTAGCCTGAAAATAAAGGTTCAAATTAT^ 

AGTGCTGCTCGTGCCGAArrcGATATCAAGCTTATCGATAC^ 

ATAGTGAGTCGTATTACAATTCACTGGCCGTCGTTTTACJ^ 



SEQ. ID. No. 5 
41.1 1288 bp 



GAGGGCAGCGAGAAGGAGAAACCCCAGCCCC TGGAGCCCACATCTGCTCTGAGGW^TGGGTGCGCCCTCGCCAACCACGC 
CCCGGCCC TGCCATGCATCAACCCACTCAGCGCCCTGCAGTC CGTCCTGAACAATCAC TTGGGCAAAGCCACGGAGCCCT 
TGCGCTCACCTTCCTGCTCCAGCCCAAGTTaUUK^^ 
CCGGTCTTGAGTCCTGCCTCCACAAGGTCAGCCAGCGTGTCCAGG^ 



CTGACATCGCCGACATGGTCAAAGTCCTCCCCAAAGCCAC 

AAGCTGGJUATGGATGTCJU5GCG C TTTGAGGA 

CAACTGGAATCCTCAGCATCTTCTGATTCTACAAGC 

TGCTGTCTGATCTGGGCCCACAAGAGCGTATGCAAAT^ 

CTGGCCAACGTCAAGTACCAGCTTAGGAAAACGGGCGGGA^ 

T1!ATTGCAGTGXCTGTGCCTCCCAGTTCAGJU^ 

TGAftGGACATGACCCGCTTGTCAGTGGACCAGCAAAGCAAGG^ 

TCTCCAGAAACAATAGCTGCCGAAGAGGACACAGACTCTAAAT^ 

ACATGCGGTAAAACTCCACCTAAGCAAAACGCACAGCAA^ 

AAGAATAGCTCTGCAGGACGAATGCCTTAGTTTCCACTTTCCAGCCTG 

CCATCCTGCTTCTGACATTGAACTCATTGAACTCCTCCTGACACCC 

AAAAATTC 
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SEQ. ID. No. 6 
GCAP 2820 bp 

ATCCTAAGACGCACAGCCTGM3GAAGCCAGCAC 



ACAAACTGJtfKatftfKXXAGCTGCTCACACCCGJ^^ 
GTAAGAGGGGCAGAGATGGGGJU^TGCTGTCCAC^ 
CTCCACCTTCCAACCCTGGGGTCCTCATCTGTGAGAAGGCTC 
CMGTCTOTGTiyGGJ^TGACTAA^ 
1 0 TTTGGAGTCAGGCAGGGAGTGATATATTGAGCT tctcgtc ctagtctcaat ttcc tcatctggaaaatggggataataat 
agtggttcagaggaatguu^aggataatgtctr^^ 
ctccctgtagccouuukccj^ctcmggctatg 
tctcagctccacccagcatttccgtggtaccat^ 

gtcgcjusgmactcctggw^ttc 
1 5 ACGTGTAGGCGCATCCTGGGAGC gaggtctctcctcctgcccccagacccaggtctccccttcttc tacatgaccacctc 

TCCTCCCCCTTGCTCJyGGCCAGCTGTCTCTGAACO^ 

TGCAGATGGJtf^TGAATCCCJUSCAGCTGGCTCGCTC^^ 

TCCMGJ^TCCJUSGCTCACCaWGGTTTCCAGGGTA^ 

TGGTGTTGtf^TTCCTGGCJ^CCCCTCTGCAGG^ 
20 QCATXGTCCATTTTGGAGGAGTCCCTGGGATGGTGJUUGra 

TGTGCCTTGGCTGGGTGGTTGTGGGGCTCCCACAGTTTCTGGGTGTTC 

GGGTCCCACAGACCAAATCAGAAATGAGAACACAAA*^^ 

AGGCAGGAGTTGCCGGGCACGGTGGCTCACGCCTGTAATCC 

AGGAI^TCGJtfyuCCATCCTGGCTAACACGGGGTGAW^CCC 
25 GCGGGCGCCTGTAGTCCCAGCTACTCAGGJUSGCT^^ 

GCCGAGATTGCGCCACTGCACTCCAGCCTGGACGACAGTGAGAC 

GCAGG^TTTTCGGGGGCAGGGGGCAGCAATAATO^ 

GCCTCCTCCTCCCCAAGGCATCCTCACCAGTGGTOTCA^^ 

CTGCCTTTGAAAGGGTCJU^TGTACTCAAAGGGACTGT^ 
30 ACCCACCACTCCCCCJU^CAATCC^ 

AATGTTTCTCTTTAAAGGATGGJyGAAAACTTCTGlCTGTC^ 

TGGGCTTGGCTTCTAACTGCTGTGTGJ^CCAAGACAGCCACTTCTCCTCCCTA 

GAGCAGGTCGGACSJtfSGCGAACAGTTTTGGATTATTC 

GTGTAACCCCAATATAGAAACTAGATTAAAAGGGAGTCTCTCTG CTCTGGAACTGGAG 
35 GCJWCCTCTGAAAAAAGCAAACTGAAAACCAGTGCCCTGGGTCACTGTTACTCCTATAAGAC^ 
AAAAAGATTTGCT T TACCTTGAATAGATAGGTTTT 
TTTACAGGTGTGTTATTTCATATGATAGTCATATAAAATTTCCTTT 
AAAAATATTGGCCAGGTGCAGCAGCTCJUMCTGCAATCCC^ 
CAGGGGTTCAAGACCAGCCTG 

40 



SEQ. ID. No. 7 
lb4 1205 bp 

GCGCGCGTGAGTCCGCCCCCCCAGTCACGTGtftfrCGCT^ 
45 AGGAACCCGGCGATATGGCTGCCGCTGTGCCCCGCGCCGCA TT TCTCTCCCCGCTGCTTCCCOT 

TCCTCTCCGCTCCGCATGGCGGCAGCGGCCTGCACAC CAAGGCGCCCTTCCCCTGGATACGGTCACTTTCTACAAG GTCA 

TTCCCAAAAGCAAGTTCGTCTGGTGtfU^TTCGACACC 

TGAAAACTCGGCTTCCAGCGATGATCTCTTGGTGGCAG^^ 

GAGTGAGAAAIAGAAGCTGGACAAAGAGAGCTACCCATC^ 
5 0 ATACACTCGGGCJW5TTAGGTTGGATCCATCCAGCGCTGGCTGAA^ 

CCTGTATACGACGCCCTGGCCGGGX3JW3TTCATCAGGG«CTCTGG 

^TAACCTCTCAAGTGTGAAGGAGACTCAGAAfiAGTGGGC 

GGGGMC ACTTCOMaCATCAgAGATGAC^GGATCGCCJU^ 

AGCTCCAGAAGAGCTTAAACATC^TGACTGCCTTCCAGJ^^ 
5 5 TGATTTTCCAGGGTTTGGTGGGGGTAGGGAGGGGtfVNAGTTAA^ 

^ KGGGJUUJVGWGGTAC TAACCCACC^TTCTGAGC C TAACATGACCATGCTTGGGA 

TGTCTCTAGCTGGTCTGGGGATAGCTGGAGCACTTACTCAGGTGGCl^ 

TAGJU3JU5GAGJU^GGAGTGTACTGCCCA^ 

AGTGG 

60 

SEQ. ID. No. 8 
20sa7 456 bp 

GAAATCAGAACTTTAATATGACACAATTAAATAT^ 
GAAATTACAAGTAGGCATATGCTTCCTATATTCJU^TAAATTC^ 
65 TTTCGGAAAAGAAATGATAGCTATATTAAAGCAGATATTCATTA^ 
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CATTCTGTCCGCTCAGTAGGCCGTGTTCCCTCTTO 

TGGGAAGGGCGGGATGGAGGTC^GTTTTCTACGCTGAACCCC^^ 

C GCCTTCCATGTGJiTCATCCTGGTCiUlTGAAGT6AATTGTCCTATTTCNGK3GGGT 



SEQ. ID. No. 9 

Genomic Sequence Encoding ZABC1 

CCATCATATTTCTTATTTTTTTGCGCGGAGACGGGAGACTTGCTCTGTTGCCCAGGCTGGACCAGTGCTGCGAT 
CT 

10 TGGCTCACTGCAACCTCCACCTCCTGGGTTCAAGTGATTCCCAAATAGCTGGGATTACAGGTGTGTATTACCAT 

GC 

CCAGCTAATTTTTGTATTTTTAGCAGATAAGGGGTTTCACCATGTTGGCCAGGCTGGTCTCCAACTCCTGGCCT 
CA 

TGTGATCCACCCACTTCGGCTTCCCAAAGCATTGGGAGTATAGGTGTGAGCCACTATACCCGTCCTCACATCAT 
15 AT 

TTCTAATCCCGAGACTGTAGAGCTGGTGTCTCTTTTTCTAAAGGATGTCAGTAGAGAAGTGGAGTTCCCCAAAA 
TT 

ACAGTTTCACGTATTAGTCAAGTTTCTAAAATACAGTAATAATGTTGAGAGCTGACATAGGGACTAACTTGGTT 
TT 

20 TTTTTTTTTTTTTrrrTTTCAAATTCTCACTGAAC^ 

AACTCCACTATTGCCTATTGCCACTATTTGATITTTTAAAAAATAAGCGTATTrTAGCATCTAAAAGTAGGAAGG 
A 

CCTCAAATAAATGAGTCTTTGTTCTTGGCCAGGGAAAACAGCGTTGTCAGAATTTGATAACTGTT^ 
TA 

25 TGTGCTGTTATTCAGTTAAAACCTTGCCTGGGACGCTAGCATTCAGTAAATACTTGTTGAATAAGCAAATGAAA 
CT 

TAAGCTTCTATGTATAGAAACCTAAGTCACTTCACATTCTGATTAGCAGAGTAATTGAATATTCTTTTCAATGTG 
T 

AGCTCTATCCCCAGAACCACAGAATATTGGAACTGTAAAGGCCATCCTATAGTTTAACCAACTGCGTTAAATAG 
30 AT 

AATAGAAAGATGTGGTATGTGGCAGTGACAACTTGAAGGTTGTGACTAGAACTCGGGTCTCTGGAGTGTTCTA 
TTA 

TATCACACCAAGCTGGTCACCAGCCCATGTGTTGATCCTCCATTGTGATAGCAACAAAGAAAAGACTTCAGGAC 
AT 

35 TCTTTCCTTTACCCTAATCCTTGATCTGCAGTCTTATTTAGAAAAGCTTAATGTTAAAG 
A 

CTAAAGATAACAAGGAGTATGAGAATTTCTATTTCGGAGTGTAAAGGAGGAGATGTTrCCTTGGCTTCTCTGAG 

CC 

TGCAGGCCTTCCITGCTCTTTAAGGAAGTAGAGAGAGGGAGGAAAGTAAAGTATGCTTT^ 
40 CT 

TTGCTGGGAGTAGTTTGCATGCCTTTTGGTTTTCTTGGGTGGAATTAACTGAC^ 
CT 

ATTTAAAAACAATGCCTATCCAATGTTTGCCATAAAGGCAGAGGGTATTGGCTTTAGAAGTTAATTCTTCTCCA 
GG 

45 AGTGAAAATTAGCrrCTAAACCAGAAGCAGCAGAGCTAAATAAAGTAATTTrcCACCTGGCCAGTGCATGATGT 
GA 

AAGGTAGATTAAAAAAATGAGAGGGCCCATTTTCTGATGAAAGACTAAGCCATGTTGAAACAGCCCrGTTGAG 
GAT 

TTTATTTTAAATCTATACATTCACAAAGGAGCTTTGTGTATGTCTTTCCCTATT^ 



50 c 

CACCCAGTGCTTGTTCAAGGCAGAAAGTCGTTGAAAGCAAGCTGGGATTTGAACAGTGGATTGAGGTTTCGAA 
TAT 

CCAGTGAACCAAAATATATCAGGGTTCCCCTGGCCAAGATGAGTGACCATTCTGAGGTGTTAAGTATTTCTTGA 
AT 

55 GGGGATTTTAGGAAAAGTTTCTGTATTTCTGTGCTCATTTTGTTGACC 
GT 

GTTTGGGCACrTAGATTTCTTGGATGCAGATTItSTTTGTATATGAAACAAATITTAAAT^ 

G 

ATTTAAAATAGTTTACTAAAGTGTTTTAATTTTTTCATCTTAATTTTCAC AGTTCTTATAGTCTTTAGATTTAGGG 
60 AGGCTGTTGATGGCATCCACATGTGCATTTTAGTGGCATTTAAAATGTATTCAGCTGAATTTAACAATTTCTGA 

CC 

TAAAACTTGACATTTTAGATTTAAGTCCGTAAAGCACTGATTTAAACTGGATTITAACTGGATGAA^ 
T 

AATAAGTGTACTGACTGGATAAAATGCCAATGATTTAATTAACAAGCACGTTTAACAGGATGCCCTATATATTA 
65 GT 

TAAAAGTGAAGCAATTGAATTAGGTACCTTCTCTGCTGCGTGGAAAAGACCGTATGACTCACCCACACCAGCCT 
TC 

TCTTCGCTCTG AGTGTAGCTAACCGTTTCTG I I ' I 'I'I' I I ' l CCTCTAGGGTTTGGAAATCCCTTGTCTCCAGGTTGC 
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GGGATTGACTTCTTCCTCAATTGAAACACTCATTCAATGGAGACAAAGAGAACTAATGCTTTGTGCTGATTCAT 
AT 

TTGAATCGAGGCATTGGGAACCCTGTATGCCTTGTTTGTGGAAAGAACCAGTGACACCATCACTGAGCTTCCTA 

\A 

AGTTCGAAGAAGTTAGAGGACTATACACTITCTTTTGAACTTTTATAATAAATAm 

AGGGCTGTTAGAGGGGTGAGTGACAAGTCTTACAAGTGGCCTTATTCCAACTCCAGAAATTGCCCAACGGAAC 



GAGATTATATGCAATCGAAAGTGACAGGAAACATGCCAACTCAATCCCTCTTAATGTACATGGATGGGCCAGA 
10 AGT 

GATTGGCAGCTCTCTTGGCAGTCCGATGGAGATGGAGGATGCCITGTCAATGAAAGGGACCGCTGTTGTTCCA 
TTC 

CGAGCTACACAAGAAAAAAATGTCATCCAAATCGAGGGGTATATGCCCTTGGATTGCATGTTCTGCAGCCAGA 
CCT 

15 TCACACATTCAGAAGACCTTAATAAACATGTCTTAATGCAACACCGGCCTACCCTCTGTGAACCAGCAGTTCTT 
CG 

GGTTGAACCAGAGTATCTCAGTCCGCTTGATAAAAGTCAAGTGCGAACAGAACCTCCCAAGGAAAAGAATTGC 
AAG 

GAAAATGAATTTAGCTGTGAGGTATGTGGGCAGACATTTAGAGTCGCTTTTGATGTTGAGATCCACATGAGAAC 

^ ACAAAGATTCTTTCACTTACGGGTGTAACATGTGC 

GCGGACACATAATGGCAAATCGGGGGCCAGAAGCAAACTGCAGCAAGGCTTGGAGAGTAGTCCAGCAACGAT 

CAAC 

25 GAGGTCGTCCAGGTGCACGCGGCCGAGAGCATCTCCTCTCCTTACAAAATCTGCATGGTTTGTGGCTTCCTATT 

CAAATAAAGAAAGTCTAATTGAGCACCGCAAGGTGCACACCAAAAAAACTGCTTTCGGTACCAGCAGCGCGCA 
GAC 

AGACTCTCCACAAGGAGGAATGCCGTCCTCGAGGGAGGACTTCCTGCAGTTGTTCAACTTGAGACCAAAATCT 

30 cac 

CCTGAAACGGGGAAGAAGCCTGTCAGATGCATCCCTCAGCTCGATCCGTTCACCACCTTCCAGGCTTGGCAGC 
TGG 

CTACCAAAGGAAAAGTTGCCATTTGCCAAGAAGTGAAGGAATCGGGGCAAGAAGGGAGCACCGACAACGACG 
ATTC 

35 GAGTTCCGAGAAGGAGCTTGGAGAAACAAATAAGGGCAGTTGTGCAGGCCTCTCGCAAGAGAAACAGAAGTG 
CAAA 

CACTCCCACGGCGAAGCGCCCTCCGTGGACGCGGATCCCAAGTTACCCAGTAGCAAGGAGAAGCCCACTCACT 
GCT 

CCGAGTGCGGCAAAGCnTCAGAACCTACCACCAGCTGGTCTTGCACTCCAGGGTCCACAAGAAGGACCGGAG 
40 GGC 

CGGCGCGGAGTCGCCCACCATGTCTGTGGACGGGAGGCAGCCGGGGACGTGTTCTCCTGACCTCGCCGCCCC 
XCXG 

GATGAAAATGGAGCCGTGGATCGAGGGGAAGGTGGTTCTGAAGACGGATCTGAGGATGGGCTTCCCGAAGGA 
ATCC 

45 ATCTGGGTAAGCTGCCCTGTCTCCGTCCCGTGCTGTTCCGCCTGTGTCTGTCTGTCTCCCCGTCTCCCCCTCTC 

TTCCCATCTCCAGACAACGCTGGCCAGGAATGGGGTTTGGAGAGCCAGAGTCAAGTCCAGGCTCrri'riGGTA 
TCA 

ctctgtgtaagtcatttaacctctcagggccttaattttctcatttctgtaataacagggttgagttaagaggtc 
50 t 

CCTTGTTCTGAAAATATATATATATTITTTAAAC^ 

ACTTGTGCATCCAGCCCAAATGCACTGCTTCTTAACTGGGGCGATTTTGTTCCCAATCAGTATCTGGCAATGTC 
XG 

55 GAGGCATTTTGGTTGTCATACTGTGTGTGTGGGTGTGCCTGCTGGCATCCAGTGGGCAGAGGCCAGGGACACT 

GCT 

CAGCATGGTACAGTGCACAGGACAGCCCCATCATCAAAGAATTATCTGGTCCCAAATGTCAATAGTTTGAGCAT 

TG 

AGAGACCCTAGCCTTCACTTAAGTTTTTCTGGCGTTCCTGATCTrrTTCTGTAGTGAATTTCTAG 

60 GGTACTGGGAGTGATCAACTAGAGCCAGGAATATTATTTGGGCAGCCGTTTGGTGCrcTCCAAA^ 
TTT 

CTGTCTGGCAAGCTAGTATCCATTTATAGGTACCTCACGAACCCAAATGATTTGTCATAAAATACAAGGAATGT 

GA 

65 GCACACTGAAGACATTTTTAAGAAGGCTCATTTGCTCAGCAGAATTTTCAGTGTACTAGTGGCATTTATAGAAA 

GA 

GAAGGTGATCACTGAAGGCATGCTCACATAATATTCCTGAGCCCTGGTGGGCGTTATCTAGGGCAAAGGATTC 

CAC 

CTGTGTrrGGAGTTGCGCCCATCCTCACTGTACCCAGAGCTTCrCCTATCAGAGTTTAGTATTTTGTTTGAATA 

70 GA 
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GGATCTTGCTGCTTAAAACAGTTGAAAAGACCCTGATGGGCAGGCCGTAATTGACAAGCGAATGATGGGAACA 
TGA 

ATCGGTCTTAGGGAAGCATCTGTCAAAGTGGTCCTTGGTTAAAACAAGTGCCTCCTCCTCTCAGTCTCACTTGA 
TT 

5 GTGTGCTTGAATTCTTCGGAAAACTGGGTGTATGAGACCCACGATGAATTTGCCCACACGATTGATTGGACTCT 
TC 

CTTCACCTGCTCTTCAGCCAGTGCCAGTTCCTTTTCTGATCATGTGATTGACGTGAGAACTGTAGTCTGTATAT 

CA 

AATCTTTAGAATGTTTTTGAGTTTCCTGGGACACAGGAAACCCAGCACTTAGCATACTACAAATCTAATGTCTT 
10 AA 

TGGCATCATAAAAAGAGGCTITAAACACAGACTCCAGTTAGCTAAGTGGTTTCTGCTAGTGCCGGTACTGTTGC 
AG 

GGGCCCTGTGAGATGCCCCAGTTCCCTGAAAGAAATGAAAAGGCCAGTTACCGGTAGGTGGTGTGGAAAACAT 
GGG 

15 CTAGATCATCAGGCAGGACAGAATGCCTGGCTGTGGGTGGGAGCACCCCAGCTTGGCGTTGAGTTCTGGTTCT 
ACC 

ACTGCGTTGTTTTGTGACCAATTATGAGTTGCTTAACCTTTCTTTGCTACTATTTC 
A 

TTGACCCCTGTCTTCCACCTCCCAAGGACAATTTCAACAGCCTATTTGTAAAAAGATCACAGTCCT1TAAAAAAT 
20 A 

TAACTGTAAAGTCAGAGGTGATGCTTGAAAGAGCAGGAACCAGGTAGATGTGGAAATGTCATGTCCTTTGTTC 
TAA 

AGAAAAGGCATTTCATAGCTTTTTGGATATGACGCAACATACCATAAATCCTGACACATAGTTGGGAGTCGGAA 
AT 

25 TGCAACAACGCCCAGTTATAAACCCAGCTAGTTTGGGTATGATTGTAAGAAAAAAAAGCTGGCCATTCTGTATT 
TG 

GGGAATTGATTTTCCTAAACTTA TATTATCTTA GTAGTCTAGATTTATCATATTGTACTATCATCCTGGCTTT^ 
AAGACTTAAGAAGATCAAGTAAATTTTTTTTTCTTTCTTTAGACACTATATAGATCATCAAGGGTGTCTGTCTTA 

C 

30 AGGTGGATAGTGATATGATCTACAGTGAGGGGACATTTATTTAAAACTTAAACATTCATGTGTTTTGGGGGTGG 
TA 

TTTTAACGGCAGCACCTCTGATTGTCTTTTGGAGGGCTGGTGTGTGTTTGAAGTTCTGTCCTCCTTCCAGTGGA 
CT 

CTAACTTCTCCTGATGCACGTGAGACACATTGTCCTATTGTCCTGCAGAAACTAAAGCCAAACACTGTCATCTG 
35 GG 

GACAGGTTTTCATTTGTCAGATCTCTTTCGCCCACATGAGTGTTTGTGGACAATACAGCCTGCTTTCCAAAACT 
TT 

GCTAAATITTGACAGACTTTCCTAGGTGCTTGCCCAATGCCAGACTTTCTTTTCTGTrGAAGATrAAGTTGTGCT 
T 

40 GCTGCCCTCTAGTGGTCAGTTGTTTAATCCTAACCTTAAACGGCTTATTTTTCCCCTGGTGGTTGGGAAGTTGA 
CG 

GTTTGTAATTGGCTCATTTTTCTAAATTATTCTGAAGAAGATAATTTTTCCCGCCAGTATGTATGTCCACCTTCA 
G 

TTTGCCAGATCCTGCCTGCTCAGAGACACTGAGAACCGGAAGCTGCCCGGGCAATTCAGTCTATGAAATGATC 
45 TTT 

CTTGTGATTAAGGCAAACGAAGAACTGAATGTTTAATAGTGTACTCTGCTGTACCCAGAAAAAAACAAAACAAA 
AT 

CATGTTATAACACTCTAAAACTTCAAACAACCTCCAACAGCATTTGGTGTGTGTCTAGCCGTTTTGTTCTAACCC 
G 

50 ATGTTATATAAAAGAATTTTTTCATGCTTrCCAAAAATGTTTATGT^ 

C 

AGGTACTTCAGCTACCTTCTTATATAAATATTTTTGTTTTTCCTTrAAGATAAAAATGATGATGGAGGAAAAAT^ 
A 

aacatcttacatcttcaagagagtgtagttattgtggaaagtttttccgttcaaattattacctcaatattca 
55 t 

cagaacgcatacaggtaaagaacttttatttttttaaccatgcattagttaaattatgtagttatctaat 

T 

GTIGTTGTTGTTCAGATACTCTGCCAGATCCTTGGACTAGCTTAAGGATAAATATGTAGCATGTTGATTGCAGT 
GG 

60 TT ATTTTT ATTCTTTT AGTGCC ATTGT AACTTG AG CC ATTG TTCTTATTTGC AGTTC ATTTCTTTTCTTTCTTTTT 

TGTTTTTTGAGACGGAGTCTTGCTCTGTCACCTCGGCTGGAGTGCAGTGGTGCAATTTCGGCTCACTGCAGCCT 
CC 

ACCTCCCTGGTTCAAGCAATACTCCTGCCTCAGCCTCCCCAGTAGTTGGGATTACAGGTACCTGCCACCACACC 
CG 

65 GCrAATTTCTGTATrrTTAGTAGAGATGGGGTTTCACCATGCTGGCCAGGCTGGTTTCGAACrCCTGACCTC^ 
GT 

GATCCGCTCACCTTGGCCTCCCATAGTGTTGGCCTCCCATAGTGCTGGGATTACAGGCGTGAGCCACCGCGCC 
CGG 

ACAAAGTTCArrTGTTTAGTTTATGACTGCTATGTCCTGACTCTTATCTTATTAAAAGCrACAGTATTT^ 

70 G 
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CTGCATCTTATGTCTTTATCATTGAGAATGAAATGAGAATCTATTTAGTACTCTTGAGATTGTGAAAGGAGCTA 

TG 

ACATCATGATGTAGGAGGCTGCGTAGATTTGAAATTTCATCTCTTCCACTTACTATCTGTGCACCCTTGGGCAA 
GT 

5 TATTTAACCTTTTTGTGCTTTTAGTTTTCTTTGCTGTAAAAGTAGAATAATACA^^ 
AGATTAAATAAGTTAGAAGTGTTGCTGTTAATTTTTCT 

c 

AGTAAGGATGATAAAGAACTGATGAGAAATCCTATGTGATAGTAGATCGAGAAAGCAAAAGGAGGAAAGAAGC 
1 0 CTG 

TTTTCTTAATAAATAGATATTTGATCTATTTCAGTGCITTrCATACAC^ 

TAGGTG AAAAACC ATAC AAATGTG AATTTTGTG AAT ATGCTGC AGCCC AG AAG AC ATCTCTG AGGTATC ACTTG 
G A 

GAGACATCACAAGGAAAAACAAACCGATGTTGCTGCTGAAGTCAAGAACGATGGTAAAAATCAGGACACTGAA 
1 5 GAT 

GC ACTATTAAC CGCTG AC AGTGCGC AAACC AAAAATTTG AAAAG ATTTTTTG ATGGTGCC AAAG ATGTTAC AGG 

GTCCACCTGCAAAGCAGCTTAAGGAGATGCCTTCTGTTTTTCAGAATGTTCTGGGCAGCGCTGTCCTC 
GC 

20 ACACAAAGATACTCAGGATTTCCATAAAAATGCAGCTGATGACAGTGCTGATAAAGTGAATAAAAACCCTACCC 

GCTTACCTGGACCTGTTAAAAAAGAGATCAGCAGTTGAAACTCAGGCAAATAACCTCATCTGTAGAACCAAGG 
CGG 

ATGTTACTCCTCCTCCGGATGGCAGTACCACCCATAACCTTGAAGTTAGCCCCAAAGAGAAGCAAACGGAGAC 

25 cgc 

AGCTGACTGCAGATACAGGCCAAGTGTGGATTGTCACGAAAAACCTTTAAATTTATCCGTGGGGGCTCTTCACA 

AT _ 

TCCCCGGCAATTTCTTTGAGTAAAAGTTTGATTCCAAGTATCACCTG^ 

30 CAGAAGTTTTAATGATGCACCAGAGACTGGAGCATAAATACAATCCTGACGTTCATAAAAACTGTCGAAACAAG 

C^GCTTAGAAGTCG ACGTACCGGATGCCCGCCAGCGTTGCTGGG AAAAG ATGTGCCTCCCCTCCCTAGTTTC 

AAACCCAAGCCCAAGTCTGCTTTCCCGGCGCAGTCCAAATCCCTGCCATCTGCGAAGGGGAAGCAGAGCCCTC 
35 CTG 

GGCCAGGCAAGGCCCCTCTGACTTCAGGGATAGACTCTAGCACTTTAGCCCCAAGTAACCTGAAGTCCCACAG 
ACC 

ACAGCAGAATGTGGGGGTCCAAGCGGCCGCCACCAGGCAACAGCAATCTGAGATGTTTCCTAAAACCAGTGTT 
TCC 

40 CCTGCACCGGATAAGACAAAAAGACCCGAGACAAAATTGAAACCTCTTCCAGTAGCTCCTTCTCAGCCCACCCT 
CG 

GCAGCAGTAACATCAATGGTTCCATCGACTACCCCGCCAAGAACGACAGCCCGTGGGCACCTCCGGGAAGAGA 
CTA 

TTTCTGTAATCGGAGTGCCAGCAATACTGCAGCAGAATTTGGTGAGCCCCTTCCAAAAAGACTGAAGTCCAGC 
45 GTG 

GTTGCCCTTGACGTTGACCAGCCCGGGGCCAATTACAGAAGAGGCTATGACCTTCCCAAGTACCATATGGTCA 
GAG 

GCATCACATC ACTGTTACCGCAGG ACTGTGTGTATCCGTCGCAGGCG CTGCCTCCC AAACC AAGGTTCCTG AG 

CTC 

50 CAGCGAGGTCGATTCTCCAAATGTGCTGACTGTTCAGAAGCCCTATGGTGGCTCCGGGCCACTTTACACTTGT 

GTG 

CCTGCTGGTAGTCCAGCATCCAGCTCGACGTTAGAAGGTATTGCATGAGGGGCGTCGTGTTTAAATGGCTGCC 
TAC 

AGTGATTAATAGCTAATCCAGGCATTCTCAGTGGAGATGGTACCACTCCCAAGGGTGGGGGGTAGGCAGCCAG 

55 TTCrTGGGGGTCACAGAGAGAAGCATTCTTAGATACGGCAGTGGTTTGTGGTCCrc 
GT 

GGGTTT AACTCTT AACC CTGTGT ATTTT ATTCTTTTG ATTTGTTT AGTCTTACTTTA 1 1 1 i j AG AGAAAGGGTCTT 
GCTCCGTCATCTAGATTGGAGTGCAGCGGTGTAATCATAGCTTACTGTAGTCTTGAATTCCTGAGTTCAAGAGA 

60 tc 

cttctgcctcagcttcccaggtagctgagactatatgtgctgctaccatgcacagctgan 1 1 1 aaai lunu 

TAGAGATGGAGTTGCCCAGGCTGGTCTTGAACrcCTGGCCTGAGGTGATCCTCCTGCGTTGACCTC 
TCT 

65 TAGACTACAGATGCACTCCACCACGCTTG 

SEQ. ID. No. 10 
ZABC1 Open reading frame 

ATGCAATCGAAAGTGACAGGAAACATGCCAACTCAATCCCTCTTAATGTACATGGATGGGCCAGAAGTGATTG 
70 GCA 
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GCTCTCTTGGCAGTCCCATGGACATGGAGGATGCCTTGTCAATGAAAGGGACCGCTGTTCTTCCATTCCCACC 
TAC 

ACAAGAAAAAAATGTCATCCAAATCGAGGGGTATATGCCCTTGGATTGCATGTTCTGCAGCCAGACCTTCACAC 
AT 

5 TCAGAAGACCTTAATAAACATGTCTTAATGCAACACCGGCCTACCCTCTGTGAACCAGCAGTTCTTCGGGTTGA 
AG 

CAGAGTATCTCAGTCCGCTTGATAAAAGTCAAGTGCGAACAGAACCTCCCAAGGAAAAGAATTGCAAGGAAAA 
TGA 

ATTTAGCTGTGAGGTATGTGGGCAGACATTTAGAGTCGCTTTTGATGTTGAGATCCACATGAGAACACACAAAG 
10 AT 

TCTTTCACTTACGGGTGTAACATGTGCGGAAGAAGNtlTSRRSSAGCCTTGGTITCTTAAAAATCACATGCGGAC 
AC 

ATAATGGCAAATCGGGGGCCAGAAGCAAACTGCAGCAAGGCTTGGAGAGTAGTCCAGCAACGATCAACGAGG 
TCGT 

15 CCAGGTGCACGCGGCCGAGAGCATCTCCTCTCCTTACAAAATCTGCATGGT1TGTGGCTTCCTATTTCCAAATA 
AA 

GAAAGTCTAATTGAGCACCGCAAGGTGCACACCAAAAAAACTGCTTTCGGTACCAGCAGCGCGCAGACAGACT 
CTC 

CACAAGGAGGAATGCCGTCCTCGAGGGAGGACTTCCTGCAGTTGTTCAACTTGAGACCAAAATCTCACCCTCA 
20 AAC 

GGGGAAGAAGCCTGTCAGATGCATCCCTCAGCTCGATCCGTTCACCACCTTCCAGGCTTGGCAGCTGGCTACC 
AAA 

GGAAAAGTTGCCATTTGCCAAGAAGTGAAGGAATCGGGGCAAGAAGGGAGCACCGACAACGACGATTCGAGT 
TCCG 

25 AGAAGGAGCTTGGAGAAACAAATAAGGGCAGTTGTGCAGGCCTCTCGCAAGAGAAAGAGAAGTGCAAACACT 
CCCA 

CGGCGAAGCGCCCTCCGTGGACGCGGATCCCAAGTTACCCAGTAGCAAGGAGAAGCCCACTCACTGCTCCGA 
GTGC 

GGCAAAGCTTTCAGAACCTACCACCAGCTGGTCTTGCACTCCAGGGTCCACAAGAAGGACCGGAGGGCCGGC 
30 GCGG 

AGTCGCCCACCATGTCTGTGGACGGGAGGCAGCCGGGGACGTGTTCTCCTGACCTCGCCGCCCCTCTGGATGA 
AAA 

TGGAGCCGTGGATCGAGGGGAAGGTGGTTCTGAAGACGGATCTGAGGATGGGCTTCCCGAAGGAATCCATCT 
GGAT 

35 AAAAATGATGATGGAGGAAAAATAAAACATCTTACATCTTCAAGAGAGTGTAGTTATTGTGGAAAGTTTTTCCG 
TT 

CAAATTATTACCTCAATATTCATCTCAGAACGCATACAGGTGAAAAACCATACAAATGTGAATTTTGTGAATAT 
GC 

TGCAGCCCAGAAGACATCTCTGAGGTATCACTTGGAGAGACATCACAAGGAAAAACAAACCGATGTTGCTGCT 
40 GAA 

GTC AAG AAC G ATG G T AAAAATC AG G AC AC TG AAG ATG C AC T ATT A ACC G CTG AC AGTGCGC AAACC AAAAATT 
TGA 

AAAGATTTTTTGATGGTGCCAAAGATGTTACAGGCAGTCCACCTGCAAAGCAGCTTAAGGAGATGCCTTCTGTT 
TT 

45 TCAGAATGTTCTGGGCAGCGCTGTCCTCTCACCAGCACACAAAGATACTCAGGATTTCCATAAAAATGCAGCTG 
AT 

GACAGTGCTGATAAAGTGAATAAAAACCCTACCCCTGCTTACCTGGACCTGTTAAAAAAGAGATCAGCAGTTGA 
AA 

CTCAGGCAAATAACCTCATCTGTAGAACCAAGGCGGATGTTACTCCTCCTCCGGATGGCAGTACCACCCATAAC 
50 CT 

TGAAGTTAGCCCCAAAGAGAAGCAAACCGAGACCGCAGCTGACTGCAGATACAGGCCAAGTGTGGATTGTCAC 
GAA 

AAACCTTTAAATTTATCCGTGGGGGCTCTrCACAATTGCCCGGCAATTTCTTTGAGTAAAAGTITG 
TA 

55 TCACCTGTCCATTTTGTACCTTCAAGACATTTTATCCAGAAGTTTTAATGATGCACCAGAGACTGGAGCATAAA 
TA 

CAATCCTGACGTTCATAAAAACTGTCGAAACAAGTCCTTGC1TAGAACTCGACGTACCGGATGCCCGCCAGCG 
TTG 

CTGGGAAAAGATGTGCCTCCCCTCTCTAGTTTCTGTAAACCCAAGCCCAAGTCTGCTTTCCCGGCGCAGTCCAA 
60 AT 

CCCTGCCATCTGCGAAGGGGAAGCAGAGCCCTCCTGGGCCAGGCAAGGCCCCTCTGACTTCAGGGATAGACTC 
TAG 

CACTTTAGCCCCAAGTAACCTGAAGTCCCACAGACCACAGCAGAATGTGGGGGTCCAAGGGGCCGCCACCAGG 

65 CAGCAATCTGAGATGTTTCCTAAAACCAGTGTTTCCCCTGCACCGGATAAGACAAAAAGACCCGAGACAAAATT 
GA 

AACCTCTTCCAGTAGCTCCTTCTCAGCCCACCCTCGGCAGCAGTAACATCAATGGTTCCATCGACTACCCCGCC 
AA 

GAACGACAGCCCGTGGGCACCTCCGGGAAGAGACTATTTCTGTAATCGGAGTGCCAGCAATACTGCAGCAGAA 
70 TTT 
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GGTGAGCCCCTTCCAAAAAGACTGAAGTCCAGCGTGGTTGCCCTTGACGTTGACCAGCCCGGGGCCAATTACA 
GAA 

GAGGCTATCACCTTCCCAAGTACCATATGGTCAGAGGCATCACATCACTGTTACCGCAGGACTGTGTGTATCC 
GTC 

5 GCAGGCGCTGCCTCCCAAACCAAGGTTCCTGAGCTCCAGCGAGGTCGATTCTCCAAATGTGCTGACTGTTCAG 
AAG 

CCCTATGGTGGCTCCGGGCCACTTTACACTTGTGTGCCTGCTGGTAGTCCAGCATCCAGCTCGACGTTAGAAG 
GTC 

TTGGTGGATGTCAGTGCTTACTCCCCATGAAATTAAATTTTACTTCATCCTTTGAGAAGCGAATGGTGAAAGCT 
10 AC 

TGAAATAAGCTGTGATTGTACTGTACATAAAACATATGAGGAATCTGCAAGGAACACTACAGTTGTGTAA 

SEQ. ID. No. 11 
ZABC1 Protein 

15 MQSKVTGNMPTQSLLMYMDGPEVIGSSU;SPN^^ 
H 

SEDU^KHVUWQHRPTLCEPAVUlVEAOTI^LDi^ 
SFTYGCNMCGRXXXXPWFUflVHMRTHNGKSGARSKIjQQGIJESSPA 
j&UEHRKVHTIOCTAFGTSSAQTDSPQGCMPSSREDl^ 
20 GKVAICQEVKESGQEGSIIINDDSSSEKEIjGEINKGSCAGLSQEKEKCKHSHGEAPSVDADP 
GIUUTITYHQLVX^SRVHKKDRRAGAESPTMSVDGRQPGTCSPDIAA^ 
KOTDGGiQKHLTSSRECSYCGKmiSNYVlJOTlA 

VKNDGKNQDTEDALLTADSAQTKNLKRIT^GAIQJVTGSPPAKQIJCEMPSVF^ 
D 

25 DSADKVNKNPTPAYU)lXIQQtSAVCTQANNUCRTIC 

ioij^vgai^cpaislskslipsitcpfct^ 

I^IO>VPPl^SFCKPKPKSAFPAQSKSU>SAKGKQS^ 
QQSEMfTOTSVSPAPDKTTOlPETKLCT^ 

GEPlPKRLKSSVVAU>VDQPGAfATWGYDLPKYHMVRGITSLlJ^^ 
30 WGGSGPLYTCVPAGSPASSCTlXGUJGCQCLIPMKIJ^SSraKRMVKAra 

SEQ. ID. NO. 12 
lbl 

GGAAACAGCTATGACCATGATTACGCCAAGCTCGAAATTAACCCTCACTAAAGGGAACAAAAGCTGGAGCTCC 
35 ACC 

GCGGTGGCGGCCGCTCTAGAACTAGTGGATCCCCCGGGCTGCAGGAATTCGGCACGAGGCTCCACCGACAGC 
CAGG 

CACTGGGCAGCACGCACTGGAGACCCAGGACCCTGTGCAGGAGCAGCTCCGGGTGACACGAGGGGACTGAAG 
ATAC 

40 TCCCACAGGGGCTCAGCAGGAGCAATGGGTAACCAAATGAGTG1TCCCCAAAGAGTTGAAGACCAAGAGAATG 
AAC 

CAGAAGCAGAGACTTACCAGGACAACGCGTCTGCTCTGAACGGGGTTCCAGTGGTGGTGTCGACCCACACAGT 
TCA 

GCACTTAGAGGAAGTCGACTTGGGAATAAGTGTCAAGACGGATAATGTGGCCACTTCTTCCCCCGAGACAACG 
45 GAG 

AT AAGTG CTGTTG CG G ATG C C AACG G AAAG AATCTTG GG AAAG AGG C C AAACC C G AG GC AC C AG CTG C T AAAT 
CTC 

GTTTTTTCTTGATGCTCTCTCGGCCTGTACCAGGACGTACCGGAGACCAAGCCGCAGATTCATCCCTTGGATCA 
GT 

50 GAAGCTTGATGTCAGCTCCAATAAAGCTCCAGCGAACAAAGACCCAAGTGAGAGCTGGACACTTCCGGTGGCA 
GCT 

GGACCGGGGCAGGACACAGATAAAACCCCAGGGCACGCCCCGGCCCAAGACAAGGTCCTCTCTGCCGCCAGG 

GATC 

CCACGCTTCTCCCACCTGAGACAGGGGGAGCAGGAGGAGAAGCTCCCTCCAAGCCCAAGGACTCCAGCTTTTT 

55 TGA 

CAAATTCTTCAAGCTGGACAAGGGACAGGAAAAGGTGCCAGGTGACAGCCAACAGGAAGCCAAGAGGGCAGA 
GCAT 

CAAGACAAGGTGGATGAGGTTCCTGGCTTATCAGGGCAGTCCGATGATGTCCCTGCAGGGAAGGACATAGTTG 
ACG 

60 GCAAGGAAAAAGAAGGACAAGAACTTGGAACTGCGGATTGCTCTGTCCCTGGGGACCCAGAAGGACTGGAGA 
CTGC 

AAAGGACGATTCCCAGGCAGCAGCTATAGCAGAGAATAATAATTCCATCATGAGTTTCTTTAAAACTCTGGTTT 
CA 

CCTAACAAAGCTGAAACAAAAAAGGACCCAGAAGACACGGGTGCTGAAAAGTCACCCACCACTTCAGCTGACC 
65 TTA 

AGTCAGACAAAGCCAACTTTACATCCCAGGAGACCCAAGGGGCTGGCAAGAATTCCAAAGGATGCAACCCATC 
GGG 

GCACACACAGTCCGTGACAACCCCTGAACCTGCGAAGGAAGGCACCAAGGAGAAATCAGGACCCACCTCTCTG 
CCT 
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CTGGGCAAACTGTTTTGGAAAAAGTCAGTTAAAGAGGACTCAGTCCCCACAGGTGCGGAGGAGAATGTGGTGT 
GTG 

AGTCACCAGTAG AC ATTATAAAGTCCA AGG AAGTAG AATC AGCCTT AC A AAC AGTGGACCTC AACG AAGGAG A 
TGC 

5 TGCACCTGAACCCACAGAAGCGAAACTCAAAAGAGAAGAAAGCAAACCAAGAACCTCTCTGATGGCGTTTCTC 
AGA 

CAAATGTCAGTGAAAGGGGATGGAGGGATCACCCACTCAGAAGAAATAAATGGGAAAGACTCCAGCTGCCAAA 
CAT 

CAGACTCCACAGAAAAGACTATCACACCGCCAGAGCCTGAACCAACAGGAGCACCACAGAAGGGTAAAGAGG 
10 GCTC 

CTCGAAGGACAAGAAGTCAGCAGCCGAGATGAACAAGCAGAAGAGCAACAAGCAGGAAGCCAAAGAACCAGC 
CCAG 

TGCACAGAGCAGGCCACGGTGGACACGAACTCACTGCAGAATGGGGACAAGCTCCAAAAGAGACCTGAGAAG 
CGGC 

15 AGCAGTCCCTTGGGGGCTTCTTTAAAGGCCTGGGACCAAAGCGGATGTTGGATGCTCAAGTGCAAACAGACCC 
AGT 

ATCCATCGGACCAG1TGGCAAACCCAAGTAAACAAATCAGCACGGTTCCCACCAGGTTCTCCTGCCACCAAGA 
TGT 

GTTCTCCTTACTCCATCTCCTCCCCAAACACGCTCCATGTATATATTCITCTGATGGCCAGCAAATC 

20 C 

CTAGAAATTAAGCCCGAGCTGTTGTATATTGAGGTGTATTATTTACGTCTCTGGTCCAGTCTTTTCTGGCAAAT 
AA 

CAGTAAAGATGGTTTAGCAGGTCACCTAGTTGGGTCAGAAGAGTCGATGATCACCAAGCAGGAAAGGGAGGG 
AATA 

25 GAGGAATGTGTTCGGG1TAAGTGATGAAAATGGCAGTGGTGGCCGGGCGTGGTGGCTCTCGCCTGTAATCTCA 
GCA 

CTTTGGGAGGCCGAGGCAGGTGGATCACCTGAGGTCAGGAGTTCAAGACTAGCCTGGCCAACATCATGAAACC 
CCG 

TCTCTACTAAAAATACAAAAATTAGCCAGGCATGGTGGCACACACCTGTAGTCCCAGCTACTCGGGAGCCCAA 
30 CGC 

ACGAGAACCGCTTGTACCCAGGAGGTGGAGGTTGCAGTGAGCCGAAGTTGCACCATTGCACTCCACCCTGGGC 
GAC 

AGAGCAAGATTCTATCAAAAAAAAAAGGCAGTGGCAAGTAAGTTATAGAAGAGAAATGCTGCTAGAAGGAATT 
AAG 

35 CGTTGTAGTAAACGCGTGCTCATCCTCTAAGCTTGAAGAAGGGAGACGAAAATCCATTTGTTTAAATTCACATC 
TC 

AAGGAGGGAGAACCCGGGCTGTGTTGGGTGGTTGCCAATTTCCTAGAACGGAATGTGTGGGGTATAGAAAAA 
GGAA 

TGAATAAGCGTTGTT1TTCAAATAGGGTCCTTGTAAGTTATTGATGAGAGGGAAAAGATTGACTGGGGAGGGC 
40 TTA 

AAATGATTTGGGAAAACAATTGCTTTTGAGGCTCAGTGACAACGGCAAAGATTACAACTTAAAAAAAAAAAAAA 
AA 

AAACTCGAGACTAGTTCTCTCTCTCTCTCGTGCCGAATTCGATATCAAGCTTATCGATACCGTCGACCTCGAGG 
GG 

45 GGGCCCGGTACCCAATTCGCCCTATA 
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SEQ. ID. NO. 13 

Genomic Sequence from BAC clone 97 
Filtered query sequence: 
>query_seq 

TGTGATATTGATTCATGCCCTCTTGCACCTTGCCAAACATCACACGCTTG 

CCATCCAGTCCACrCGATTTTGGCAGTGCAGATGAAAAACTGGGAACCAT 

TTGTGTTGAGTCCAGCAAGATGCCAGGACCTGCATGTTTCAGAACGAAGT 

TCTTCATCATCCAATTTCTCCCTGTATATGGGCTTACCACNACTGCCGTT 

AAGTCGTGTNAAGTCACCACTCAGGTACATAATGGAAT AATTC TGCAAAG 

GCAGGAGNCACTTTCTCTCCAGTGCTCAGACCATGAAAGTTTTCTGATGT 

CTTTGGAACTTTGTCTGCAAATAGCTCGAAGGAGACATGGCCTAAAGGCT 

CGCCATCTGCGGTGATATTGNAACATGGTAGGGCTGACCGTGGCTGTGGC 

CATGACTTTTTAGANTNWTNNNNNNNr^ 

N 

NNNNNNhnWNNNNNNNNNW 
NNN 

NN^^^NN^ ^ ^^*^NNNNNCCCAATGCGGGACAGAGAATCNAAGAAACTGTATTA 

GGGAAAGGGTCCTGAGTTTATGCCAAAGTTTCCCAGATTGGTTTCCATTG 

AAACGTAGCTCTGTGAGATACCATCAGGTGTTATGTGAAGAAA TGTC TGT 

GTAGTCAAATATGTTTGAGTGAGTGAGCCTGAGCTGAGCAAGACTTTACT 

GCAAGACTTCCCATCTTCTGTCCCTTTTTATGCTAATGGGTAACACAAAC 

TCCAAAAGTGGGGTGTACAGCATGAGGCATTAACAAAAATTTATTGGACC 

CCACACACNNNNNNNNN>mNNNNN^ 

NN 

NNNNNNNNNNNNNNNNNNN>^^ 
NNN 

^^^^sr^^^^^l^r^^^I^^^^ 



SEQ ID NO 14 

gb | M19533 1 RATCYCA Rat cyclophilin mRNA, complete cds. 
Length = 743 

Minus Strand HSPs: 

Score = 418 (115.5 bits), Expect = 1.5e-58, Sum P(5) = 1.5e-58 
Identities = 96/112 (85%), Positives = 96/112 (85%), Strand = Minus / Plus 
S = rat CYCLOPHTI.T.TN; q= SEQ ID NO 13. 
Query: 372 tncaatatcaccgcagatggcgagcctttaggcc^tgtctccttccsagctatttgcagac 3i 

I | | IIIM II 1 1 1 1 1 1 1 1 1 1 1 II II I 1 1 1 1 MINIMI MINIM! 

Sbjct: 64 TTCGACATCACGGCTGATGGCGAGCCCTTGGGTCGCGTCTGCTTCGAGCTGTTTGCAGAC 

Query • 312 AAAGTTCCAAAGACATCAGAAAACTTTCATGGTCTGAGCACTGGAGAGAAAG 261 

I I i 1 1 1 1 11 M 1 1 1 1 llllllllllll II llllllllllll llllill 

Sbjct: 124 AAAGTTCCAAAGACAGCAGAAAACTTTCGTGCTCTGJ^CACTGGGGAGAAAG 175 

Score = 236 (65.2 bits), Expect = 1.5e-58, Sum P(5) = 1.5e-S8 
Identities = 52/58 (89%), Positives = 52/58 (89%), Strand = Minus / Plus 
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Query: 117 TGCTGGACTCAACAGAAATGGTTCCCAGTTTTTCATC 60 

1 1 1 1 1 1 1 1 M i II 1 1 M II IMMIM II M 1 1 II I Ml II II II I 1 1 1 1 1 1 

Sbjct: 34 8 TG CTGGAC CAAACACAAATGGTTC CGAG TTTTTTATCTGCACTGC CAAGACTGAGTGG 405 

Score m 111 (48.9 bits), Expect = 1.5e-58, Sum P(5) = 1.5e-58 
Identities = 41/48 (85%) , Positives = 41/48 (85%) , Strand = MinuB / Plus 

Query: 60 GACTGGATGG CAAG CG TGTGATGTTTG GCAAGGTG CAAGAGGGCATGA 13 

I MIIIIIIIMM 1 1 II I Mill llllll Mil lllllll 

Sbjct: 404 GG CTGGATGGCAAGCATGTGGTCTTTGGGAAGGTGAAAGAAGGCATGA 451 

Score = 154 (42.6 bits). Expect = 1.5e-58, Sum P(5) = 1.5e-58 
Identities = 34/38 (89%) , Positives = 34/38 (89%) , Strand = Minus / Plus 

Query: 153 AGAACTTCGTTCTGAAACATGCAGGTCCTGGCATCTTG 116 

MINIM I Mill III II M 1 1 1 1 1 1 1 II I M I 

Sbjct: 299 AGAACITCATCCTGAAGCATACAGGTCCTGGCATCTTG 336 

Score = 86 (23.8 bits). Expect = 1.5e-58, Sum P(5) = 1.5e-58 

Identities = 22/28 (78%) , Positives = 22/28 (78%) , Strand = Minus / Plus 

Query: 256 TCCTGCCTTTGCAGAATTATTCCATTAT 229 

1 1 1 1 I II MMIMMIMI II 

Sbjct: 193 TCCTCCTTTCACAGAATTATTCCAGGAT 22 0 
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WHAT IS CLAIMED IS: 



1 

2 1 . An isolated nucleic acid molecule comprising a polynucleotide sequence 

3 having a subsequence which specifically hybridizes under stringent conditions to 

4 a sequence selected from the group consisting of SEQ. ID. No. 2, SEQ. ID. No. 

5 3, SEQ. ID. No. 4, SEQ. ID. No. 5, SEQ. ID. No. 6, SEQ. ID. No. 7, SEQ. 

6 ID. No. 8, SEQ. ID. No. 9, SEQ. ID. No. 10, SEQ. ID. No. 12, AND SEQ. 

7 ID. No. 13. 

1 1 . The isolated nucleic acid of claim 1 , wherein the 

2 subsequence specifically hybridizes under stringent conditions to SEQ. ID. No. 

3 2. 

1 2. The isolated nucleic acid of claim 2, wherein the 

2 subsequence is SEQ. ID. No. 2. 

1 3. The isolated nucleic acid of claim 1, wherein the 

2 subsequence specifically hybridizes to SEQ. ID. No. 3. 

1 4. The isolated nucleic acid of claim 4, wherein the 

2 polynucleotide is SEQ. ID. No. 3. 

1 5 . The isolated nucleic acid of claim 1 , wherein the 

2 subsequence specifically hybridizes under stringent conditions to SEQ. ID. No. 

3 4. 

1 6. The isolated nucleic acid of claim 6, wherein the 

2 subsequence is SEQ. ID. No. 4. 

1 7. The isolated nucleic acid of claim 1, wherein the 

2 subsequence specifically hybridizes under stringent conditions to SEQ. ID. No. 

3 5. 
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1 8. The isolated nucleic acid of claim 8, wherein the 

2 subsequence is SEQ. ID. No. 5. 

1 9. The isolated nucleic acid of claim 1 , wherein the 

2 subsequence specifically hybridizes under stringent conditions to SEQ. ID. No. 

3 6. 

1 10. The isolated nucleic acid of claim 10, wherein the 

2 subsequence is SEQ. ID. No. 6. 

1 11. The isolated nucleic acid of claim 1 , wherein the 

2 subsequence specifically hybridizes under stringent conditions to SEQ. ID. No. 

3 7. 

1 12. The isolated nucleic acid of claim 12, wherein the 

2 subsequence is SEQ. ID. No. 7. 

1 13. The isolated nucleic acid of claim 1, wherein the 

2 subsequence specifically hybridizes under stringent conditions to SEQ. ID. No. 

3 8. 

1 14. The isolated nucleic acid of claim 14, 16, 18, 20, wherein 

2 the subsequence is SEQ. ID. No. 8. 

1 15. The isolated nucleic acid of claim 1, wherein the 

2 subsequence specifically hybridizes under stringent conditions to SEQ. ID. No. 

3 9. 

1 16. The isolated nucleic acid of claim 16, wherein the 

2 subsequence is SEQ. ID. No. 9. 
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1 17. The isolated nucleic acid of claim 1, wherein the 

2 subsequence specifically hybridizes under stringent conditions to SEQ. ID. No. 

3 10. 

1 18. The isolated nucleic acid of claim 18, wherein the 

2 subsequence is SEQ. ID. No. 10. 

1 19. The isolated nucleic acid of claim 1, wherein the 

2 subsequence specifically hybridizes under stringent conditions to SEQ. ID. No. 

3 12. 

1 20. The isolated nucleic acid of claim 20, wherein the 

2 subsequence is SEQ. ID. No. 12. 

1 21. The isolated nucleic acid of claim 1, wherein the 

2 subsequence specifically hybridizes under stringent conditions to SEQ. ID. No. 

3 13. 

1 22. The isolated nucleic acid of claim 22, wherein the 

2 subsequence is SEQ. ID. No. 12. . 

1 23. The isolated nucleic acid of claim 1 , further comprising a 

2 promoter sequence operably linked to the polynucleotide sequence. 

1 24. The isolated nucleic acid of claim 1, which nucleic acid is a 

2 cDNA molecule. 
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1 25. A method of screening for neoplastic cells in a sample, the 

2 method comprising: 

3 contacting a nucleic acid sample from a human patient with a 

4 probe which hybridizes selectively to a target polynucleotide sequence comprising 

5 a sequence selected from the group consisting of SEQ. ID. No. 1 , SEQ. ID. No. 

6 2, SEQ. ID. No. 3, SEQ. ID. No. 4, SEQ. ID. No. 5 f SEQ. ID. No. 6, SEQ. 

7 ID. No. 7, SEQ. ID. No. 8, SEQ. ID. No. 9, SEQ. ID. No. 10, SEQ. ID. No. 

8 11, SEQ. ID. No. 12, and, SEQ. ID. No. 13 wherein the probe is contacted with 

9 the sample under conditions in which the probe hybridizes selectively with the 

10 target polynucleotide sequence to form a stable hybridization complex; and 

1 1 detecting the formation of a hybridization complex. 

1 26. The method of claim 26, wherein the nucleic acid sample is 

2 from a patient with breast cancer. 

1 27. The method of claim 26, wherein the nucleic acid sample is 

2 a metaphase spread or a interphase nucleus. 

1 28. The method of claim 26, wherein the probe comprises a 

2 polynucleotide sequence as set forth. in SEQ. ID. No. 1. 

1 29. The method of claim 26, wherein the probe comprises a 

2 polynucleotide sequence as set forth in SEQ. ID. No. 2. 

1 30. The method of claim 26, wherein the probe comprises a 

2 polynucleotide sequence as set forth in SEQ. ID. No. 3. 

1 31 . The method of claim 26, wherein the probe comprises a 

2 polynucleotide sequence as set forth in SEQ. ID. No. 4. 

1 32. The method of claim 26, wherein the probe comprises a 

2 polynucleotide sequence as set forth in SEQ. ID. No. 5. 
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1 33. The method of claim 26, wherein the probe comprises a 

2 polynucleotide sequence as set forth in SEQ. ID. No. 6. 

1 34. The method of claim 26, wherein the probe comprises a 

2 polynucleotide sequence as set forth in SEQ. ED. No. 7. 

1 35. The method of claim 26, wherein the probe comprises a 

2 polynucleotide sequence as set forth in SEQ. ID. No. 8. 

1 36. The method of claim 26, wherein the probe comprises a 

2 polynucleotide sequence as set forth in SEQ. ID. No. 9. 

1 37. The method of claim 26, wherein the probe comprises a 

2 polynucleotide sequence as set forth in SEQ. ID. No. 10. 

1 38. The method of claim 26, wherein the probe comprises a 

2 polynucleotide sequence as set forth in SEQ. ID. No. 12. 

1 39. The method of claim 26, wherein the probe comprises a 

2 polynucleotide sequence as set forth in SEQ. ID. No. 13. 

1 40. The method of claim 26, wherein the probe is used to 

2 identify the presence of a mutation in the target polynucleotide sequence. 
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1 41 . A method for detecting a neoplastic cell in a biological 

2 sample, the method comprising: 

3 contacting the sample with an antibody that specifically binds a 

4 polypeptide antigen encoded by a polynucleotide sequence comprising a sequence 

5 selected from the group consisting of SEQ. ID. No. 1, SEQ. ID. No. 2, SEQ. 

6 ID. No. 3, SEQ. ID. No. 4, SEQ. ID. No. 5, SEQ. ID. No. 6, SEQ. ID. No. 7, 

7 SEQ. ID. No. 8, SEQ. ID. No. 9, SEQ. ID. No. 10, SEQ. ID. No. 12, and 

8 SEQ. ID. No. 13; and 

9 detecting the formation of an antigen-antibody complex. 

1 42. The method of claim 42, wherein the sample is from breast 

2 tissue. 

1 43. A method of inhibiting the pathological proliferation of 

2 cancer cells, the method comprising inhibiting the activity of a gene product of 

3 an endogenous gene having a subsequence which hybridizes under stringent 

4 conditions to a sequence selected from the group consisting of SEQ. ID. 1, SEQ. 

5 ID. No. 2, SEQ. ID. No. 3, SEQ. ID. No. 4, SEQ. ID. No. 5, SEQ. ID. No. 6, 

6 SEQ. ID. No. 7, SEQ. ID. No. 8, SEQ. ID. NO. 9, SEQ. ID. NO. 10, SEQ. 

7 ID. No. 12, and SEQ. ID. No. 13. . 

1 44. A method of detecting a cancer, said method comprising 

2 detecting the overexpression of a protein encoded in a 20ql3 amplicon. 

1 45. The method of claim 45, wherein said protein encoded in a 

2 20ql3 amplicon is ZABC1. 

1 46. The method of claim 45, wherein said protein encoded in a 

2 20ql3 amplicon is lbl. 
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Genomic Sequence #tc» SAC Cicr.e 5 . 
Piisered query ance: 

^e^T'^ATTCATGCCCTCTTGCACCTt^CCAAACATaiCACCCTrC 
cSTCCA^TCCACTCGATTTrGGCAGTGCAGATGAAAAACTGGGAACCAT 
TTGTCTTGAGTCCAGCAAGATGCCAGGACCTGCATGTTTCAGAAC3AAGT 
-C^^TCATCCAATTTCTrCCTGTATATGGGCTTACCACHACTGCCGTT 
* ~^xAtSTCACCAC7CAGGTACATAATGGAATAAi'ICTGCAAAG 

C^CTTCi^CTI^rCTCTGCAAATAGCTCGAAGGACACATGGCCTAAAGGCT 

^S^Sgtgatattcnaacatcgtagkctcaccgtggctgtogc 




-^GAGTTTATGCCAAASTTTCCCACATTCCTT?CCATTC 

AAACGTAGCTCTGTGAGATACCATCAGGTGTTATGCGAAGAAATGTCTGT 

GC^GAC^TCCCATCTTCTGTCCCTrTTTATSCTAATGGGTAACACAAAC 
T^^C^^^ACACCATGAGGCATTAACAA.^TTTATTGGACC 

Tl — — — «^*.^e*e*fMMwiv^^ 



gb|K:9533 I^ATCYCA Rac cyelophilia tiBNA. canalec* ctds. 
Length - 743 

Minus Strand HSFs: 

_ c bi-» ) Expect = 1.5e-55, Sun ?t3) » l.Se-5S 

Identities = 96/112 f-?-5%) . i»os.\cxv« = (PS*). tir.c - -i- / 

Plus 

Query: 



Sbjct: 
123 



3 1 2 TNCAATATCACCGCAGATGGCGAGCCTTTAGGCCACGrCTCCTTCGAGCTATTTCCAGAC 

i I | I till 1 1 II II II MIN II II I MM IMMMM MiMMII 
64 ire aiclr^ 



Query 3' 2 W^GTTCCAAAGACATCAGA^ *6. 

Query. 3., ^ MUM Mil 1 1 M Mil Ml I MM I MM II 
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inventive concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search 
fees must be paid. 

Group I, claim(s)l-42. and 44-46, drawn to l)an isolated nucleic acid molecule which hybridizes under stringent 
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Group II, claim(s) 43, drawn to a method of treating cancer. 
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